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Omoa  or  ram  State  Gbolooibt,  \ 
Book  83,  Sun  Hall,        > 
AxiuaT,N.Y^jranA  0,1890.   ) 
To  EQs  EzoeUenoy  Liti  F.  Uobrw,  Oovmtcr  <^  the  8laU  tf 
JTmo  Tori: 
Sm.— ;-I  have  the  honor  to  sabmit  the  anntul  r^iort  of  the 
State  Geologist,  embncdng  an  aoooont  of  the  work  done  bj  himr 
•df  toA  aarartaats  both  in  the  field  and  offioe,  uudoding  the 
mnknpon  the  gedogio  map  and  the  I^Ummtology  of  New  York. 
In  the  abeenoe  of  any  appropriation  from  the  Legislatore  very 
:  BtUe  work  has  been  aooQmpIiihed  dtuing  1h»  pait  year  toward 
•  ttkB  oamgisAioa  of  the  geologic  map.    A  small  area  in  Oswego 
^  aad  r«wis  oonntieg  has  been  sorveyed  and  the  resolts  inoprporated 
with  the  general  geology  opon  the  map  of  the  State. 

Preliminary  Geologic  Map  of  the  State  of  New  York. 
Throagh  the  generosity  ef  Afojor  FoweLI  in  the  outset,  and  the 
oontinnation  of  the  same  disposition  on'  the  part  of  his  successor, 
Mr.  Walcott,  present  Director  of  the  U.  S.  Geological  Survey, 
copies  of  the  geologic  map  will  be  distributed  to  all  the 
oolites  and  normal  schools  and  to  schools  of  higher  education  in 
the  State,  without  cost  to  the  State  of  New  York.  Although  the 
map  is  incomplete  in  the  representation  of  the  geologic  forma- 
tions in  some  portions  of  the  State,  it  is  yet  sufficiently  perfect  to 
serve  the  purpose  of  a  student's  map  for  general  reference  as  to 
the  limits  and  distributions  of  the  geologic  formations  within  its 
area.  The  map  is  designated  as  a  "  Preliminary  Geologic  Map  of 
the  State  of  New  York,"  and  it  will  require  the  labor  of  many 
years  in  the  field,  before  the  word  "  peblimihabt,"  now  standing 
at  the  head  of  the  title,  can  with  propriety  be  erased  and  the 
map  appear  as  a  completed  geologic  map  of  the  State  of  New 
York.    I  would  most  earnestly  recommend  that  some  law  be 
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•  ••'•••     •  * 

passed  authorizing  *tlie  completion  of  this  map  and  appropriating 
•  *  •  *      •       * 

ii  smaU  .sum  annually  for  defraying  the  field  expenses  of  a  com- 
petent assistant  or  assistants  for  determining  the  limits  of  certain 
formations  which  are  now  imperfectly  delimited.  Moreover,  such 
a  work  may  well  be  done  as  field  exercises  by  a  professor  and  his 
students  during  the  college  vacations,  the  whole  being  carried  on 
under  competent  direction  with  a  definite  purpose  for  a  final  con- 
summation of  the  work.  The  description  of  the  geologic  forma- 
tions of  the  State  as  represented  upon  the  map  will  form  a  part 
of  a  future  report,  and  it  is  intended  that  separate  copies  of  this 
description  shall  be  sent  to  all  the  institutions  and  individuals 
who  shall  receive  copies  of  the  map. 

I  would,  moreover,  earnestly  recommend  that  in  the  continua- 
tion of  the  work  upon  the  geologic  map  especial  attention  be 
given  to  the  economic  aspect  of  the  science.  For  many  years  the 
Legislature  has  liberally  supported  the  publication  of  the  Palaeon- 
tology as  a  part  of  the  Natural  History  publications  of  the  State, 
according  to  the  original  plan  of  that  work.  There  has  been  no 
organized  plan  for  developing  a  knowledge  of  the  mineral 
resources,  of  the  State,  as  might  have  been  done  through  annual 
reports  and  local  geologic  maps  of  the  counties,  had  there  been 
some  small  appropriation  for  field  work.  Among  intelligent 
people  there  is,  at  the  present  time,  an  urgent  demand  for  practi- 
cal geologic  work,  and  I  believe  it  should  be  most  seriously  con- 
sidered in  connection  with  the  completion  of  the  geologic  map. 

During  the  past  twenty  years  the  State  of  Pennsylvania  has 
expended  an  amount  of  more  than  $1,500,000  in  her  second  geo- 
logic survey,  which  has  been  chiefly  carried  on  with  a  view  to 
economic  results.  The  State  Atlas  contains  colored  geologic 
maps  of  every  county  in  that  State,  each  county  map  being 
accompanied  by  a  special  report  given  to  the  geology  and  eco- 
nomic resources. 

I  have  endeavored  to  introduce  a  similar  plan  in  my  work  upon 
the  geologic  map  of  New  York,  and  the  report  of  last  year 
contains  a  description  of  the  geology  and  an  account  of  the  eco- 
nomic resources  of  Albany  and  Ulster  counties. 

We  have  now  on  hand,  waiting  for  publication,  certain  colored 
maps  of  portions  of  the  State,  especially  the  maps  of  Albany  and 
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Ulster  counties,  together  with  the  Helderbei^  eMUjBnent,  vbioh 
it  is  Fery  desirable  to  publish  for  tiie  fall  illnatration  of  the  geol* 
ogj  and  economic  resources  of  tiieie  portiolU  of  fitAtO. 

Faulted  Region  ot  the  Mofaawk  VftUey. 
A  paper*  entitled  "A  Prelimlnaiy  Desorfption  of  the  Fudted 
Region  of  Herkimer,  Fulton,  Montgomety,  Saratoga  uid 
Adjacent  Counties,"  communioated  b;  Hr.  K.  H.  Darton  irith 
this  report,  will  give  informatioii  in  detail  of  thii  region  of 
country,  which  was  originally  deBoiibed  by  Mr<  Taooxan  In  .hii 
nfon  on  the  Ge  logy  of  the  Third  District  The  paper  hj  Mr. 
Darton  is  the  result  of  work  done  in  the  field  daring  the  season 
of  1393,  as  a  part  of  the  work  preparatory  for  the  geol(^;io  map 
of  the  State.  The  results  oE  this  worit,  and  (rf  all  his  other' 
field  work  up  to  iS''4,  have  already  been  tauisferred  to  the 
geologic  map  which  is  being  prepared  for  {mblicadon  by  the 
U.  Ij.  Geological  burvey  in  Washington. 

This  paper  gives  an  account  of  the  general  relations  of  the 
faults,  and  describes  In  detail  those  at  Little  Falls,  on  the  East 
Cmiada  Creek,  St.  Jobnsvillo,  the  Noses,  Fonda,  Tribes  Hill, 
Broadalbin,  Boffman's  Ferry,  Saratoga  and  Lake  George.  Borne 
of  these  had  been  previously  described  by  Vanuxem  in  hie 
Bc^rt  on  the  Third  Geological  District,  but  are  here  discussed 
at  moch  greater  length.  This  region  of  country  was  explored 
by  the  writer  and  Prof.  W.  J.  McGee,  of  the  U  S.  Geo- 
logical Survey,  in  the  autumn  of  18s4,  and  the  field  notes  of 
these  investigations,  combined  with  farther  observations  by  Mr. 
C.  E.  Beecher  and  Mr.  C.  E.  Ball,  were  incorporated  in  the  Report 
of  the  State  Geologist  for  1885  in  a  paper  of  three  pages,  accom- 
panied by  a  map  of  the  Mohawk  Valley.  This  paper  is  here 
inserted  as  a  note  to  show  the  state  of  our  knowledge  previous 
to  the  work  of  189J.t 

The  region  is  a  general  monocline,  with  sediments  of  slightly 
varying  dip,  and  the  faults  traversing  this  monocline,  accom- 
panied by  certain  features  of  local  disturbance,  have  considerably 
modified  its  regularity.  As  a  rule  these  displacements  do  not 
make  conspicuous  features  in  the  topography,  but  one  of  them, 

*BFIii(a>ninipaaleill>7iiciolcir»l  map  whlcli  muM  not  b«  pabUBbed  at  llwt  clme,thl(  paper  wu 
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at  Little  Falls,  gives  rise  to  one  of  the  most  strikiDg  features 
in  the  scenery  of  the  Mohawk  Valley. 

Two  faults  of  small  throw  and  not  great  extent  on  the  East 
Canada  Creek,  recorded  by  Vanuxem,  are  re  described.  The 
writer  finds,  that  of  two  previously  described  dislocations  at  St. 
Johnsville,  one  branches  and  curves  in  a  remarkable  manner. 
The  great  uplift  at  the  "  Noses,"  just  east  of  Canajoharie,  gives 
rise  to  a  great  ridge  of  calciferous  sandrock  rising  abruptly  from 
the  moderately  elevated  Utica  slate  region  on  the  east.  The  faults 
at  Fonda  and  Tribes  Hill  bring  up  the  limestones  of  the  Trenton 
group,  but  appear  to  be^  neither  very  profound  nor  of  great 
extent.  The  Broadalbin  fault  is  not  very  clearly  pronounced ; 
that  at  Hoffman's  Ferry  is  the  easternmost  in  the  region  and 
.  brings  up  the  Calciferous,  Birdseye  and  Trenton  limestones  over  a 
wide  area,  extending  up  the  river  as  far  as  Amsterdam. 

The  faults  at  Saratoga  are  of  much  interest,  as  it  was  long 
ago  recognized  that  the  mineral  springs  at  this  place  issue  along 
a  line  of  dislocation  which  brings  up  the  Calciferous  sandrock  to 
a  moderate  altitude  above  the  plains  to  the  eastward.  One  of 
these  faults  extends  to  the  Lake  George  region. 

These  descriptions  recount  all  attendant  phenomena  and  are 
illustrated  with  twelve  figures,  two  plates  and  a  map. 

Geology  of  Seneca  County. 

In  continuation  of  the  plan  of  county  surveys  I  communicate 
the  accompanying  report  on  the  structural  and  economic  geology 
of  Seneca  county  by  Dr.  D.  F.  Lincoln.  The  subject  is  covered 
under  three  general  divisions:  1.  Surface  Geology;  2.  Strati- 
graphic  Geology ;  3.  Economic  Geology.  Under  the  first  head 
are  given  detailed  accounts  of  the  topography  and  also  of  super, 
ficial  accumulations,  their  nature  and  distribution.  Under  the 
latter  are  notices  of  the  general  character  of  the  plateau,  hills, 
ravines;  of  the  alluvial  belt,  drumlin  belt,  sand  ridges,  kame 
district,  delta  deposits,  old  channels,  glacial  deposits  and  striation, 
springs,  etc. 

The  stratigraphic  geology  considers  each  formation  in  succes- 
sion, from  the  Salina  beds  to  the  Portage  group  of  rocks, 
the  highest  in  the  county.  The  local  development  and  vari- 
ation of  each  is  given  with  fulness  and  precision.     Faunal  char- 
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acters  are  toached  upon  to  some  extent,  no  wide  difTorence  in 
these  respects  from  adjoining  regions  being  noted.  The  writer, 
however,  describes  a  calcareous  layer  at  tlie  very  base  of  the 
Porta^  shales,  not  elsewhere  observed,  but  of  esjiecial  interest 
from  the  fact  that  it  contains  species  of  the  typical  Portage 
fauna  commingled  with  those  of  the  Ithaca  group.  The  dip  of 
the  rocks  ts  considered  at  some  length  and  shown  to  be  quite 
variable  from  local  or  general  disturbances. 

Under  the  head  of  eooaomio  geology  are  considered  all  the 
RM^  products  of  the  oonnty,  their  mode  of  exploitation,  treat- 
ment and  economio  value.  These  are  clay,  briok,  tile,  limestone, 
sandstone,  plaster,  road  metal,  natural  gas  and  water  power. 

The  paper  is  abundantly  illustrated  with  pbotograptiio  views, 
sections  and  maps. 

General  Palaeontolo^. 
It  has  been  considered  desirable  to  incorporate  in  this  report  a 
tianslatioQ  of  the  work  of  Felix  Bernard,  the  nature  of  wfiiob  IB 
indicated  by  the  following  brief  synopsis. 

THE  PBINCIPLES  OF  PALAEONTOLOGY. 

By  Fklix  Bsbnahu. 
[Eiti»Cted  from  Bernard's  Elements  de  Pal^ontologie,  Faris.  1S95.] 

This  lucid  and  full  presentation  of  the  principles  and  objects 
which  inspire  palaeontologic  investigations  of  the  present  day 
has  been  translated  by  C.  E.  Brooks,  and  is  incorporated  in  this 
report  for  the  beneGt  of  American  students  to  whom  Bernard's 
(Otire  work  may  not  bo  accessible.  No  other  writer  has  suc- 
ceeded in  setting  forth  so  clearly  the  actual  condition  of  the 
•oience.  its  relations  to  other  departments  of  knowledge  and  the 
inherent  importance  of  the  problems  with  which  it  is  wholly 
coDoenied.  The  subject  is  treated  in  dve  chapters,  each  with  its 
tabordinate  divisions,  and  the  following  statement  of  contents 
will  convey  an  idea  of  the  scope  and  importance  of  the  work ; 

Chapter  1.  The  Object  of  Palaeontology.     Historical  Sketch. 
Sec.  1.  The  Kelations  of  Palaeontology  to  the  other  sciences. 
Definition;    Palaeontology  and  Biology ;    Palaeontology  and 
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Chapter  2   Palaeontology  and  the  Doctrine  of  Evolution. 

Sec.  1.  The  Species;  its  Variations. 

Definition  of  Species;  Natural  Selection;  Passage  Forms; 
Transitions  between  Genera  and  between  the  Grand  Divisions ; 
Saltation. 

Sec.  2.  Causes  of  Variations. 

Insufficiency  of  the  Theory  of  Selection  ;  Influence  of  the  Me- 
dium  ;  American  Neo-Larriarlcism. 

Sec.  3.  Eflfects  of  External  Causes. 

Adaptation;  Correlation;  Rudimentary  Organs;  Parallelism 
and  Convergence  ;  Aberrant  Types  and  Synthetic  Types. 

Sec.  4.  General  Tendency  of  Evolution. 

Hypothesis  of  the  Vital  Force  of  Various  Groups ;   Law  of 
ImprovemenL 
Chapter  3.  Phj  logeny. 

Sec.  1.  Natural  Classification  and  Phylogeny. 

Definition  ;  Principles  of  Classification. 

Sec.  2.  The  Method  of  Comparative  Anatomy. 

Evolution  of  Organs. 

Sec.  3.  Embryogenic  Method. 

Law  of  Parallelism  of  Ontogeny  and  Phylogeny;  Emhryogeny 
of  Fossil  Forms  ;  Instances  of  Regression  ;  Embryogenic  Accele- 
ration ;  Acceleration  of  Pegressi&n  ;  Oeratology. 

Sec.  4.  Method  of  Geologic  Continuity. 

Application  of  the  Principle  of  Continuity  ;  Order  of  Appear- 
ance of  New  Forms  ;  First  Fauna  ;  Origin  of  Life^  —  Precam- 
brian  Deposits. 

Chapter  4.  Distribution  of  Organisms  in  Geologic  Time,  with 
reference  to  the  conditions  of  the  Medium. 

Sec.  1.  Definition  of  Facies. 

Sec.  2.  Influence  of  the  Depth  of  the  Sea. 

Littoral  Facies  ;  Pelagic  Facies  ;  Abyssal  Facies. 

Sec.  3.  Influence  of  the  Nature  of  the  Aquatic  Medium. 

Fresh-water  Facies;  Brackish-water  Facies ;  Muddy  loater 
Facies;  Coral  Facies. 

Sec.  4.  Influence  of  Climate. 

J^ect  of  Temperature  ;  Climate  of  the  Silurian  and  Devonian  ; 
Climate  of  the  Carboniferous  ;  Climate  of  the  Jurassic  ;  Climate 


Refokt  of  the  State  Geologist.  18 

if  A$  OrelaMotu  ;  OimaU  tf  iU  Tmiiary  ;  ClimaU  ^  A4  PUo- 

emu  md  Quaternary. 

(Saflbai.  Prooevof  FosBUintion. 

OwdMtMw  neeutorjfjbr  Fott&uation;  FouUvatimtf  Asti- 
mtU;  FomliaaUon,  <^  Plamit. 

Gr^oUticUe. 
.  ]fr.  B.  RnedemaDD,  of  Dfdgerille,  luts  oommoiiiaatod  a  yf^j 
fBteesting  And  imporUnt  paper  on  the  Deretopment  and  Mode 
of  Grawth  of  the  (katnt  Diplograptns,  MoOoy^ 

This  paper  ooren  Ae  anthOT^s  detailed  iiiTeitlgaticni  of  the 
■truotore  and  mode  of  development  of  species  Jf^logrtytlutprit- 
til,  HalL  The  olffierrations  are  based  -npen  material  in  a  remark- 
a%  perfect  condition  of  preserration,  obtained  from  the  Utioa 
date  of  Dolxerille,  K.  T.  It  is  shown  that  these  p^ptolltee, 
gnendly  oocnrring  as  isolated  stipei,  were  aotoallj  coloniea  com- 
pcved  of  a  la^e  number  of  saoh  indiTidnal  stipes,  growing  radi- 
■II7  from  a  center.  The  Btmotara  of  the  oential  port  of  the 
ndmy  is  shown  to  consist  in,  (1),  a  central  floating  satdc  or  pnen- 
natoeyit,  demonstrating  that  .the  colony  was  anattaobed;  (9),  a 
nrtkdl  of  spherical  gonangia,  witiiin  which  are  foand  masses  of 
70™?  graptolites  or  siculse  attached  to  a  central  axis;  beneath  the 
gonangia  are,  (3),  the  radiately-arranged  graptolite  stipes  attached 
by  long,  bare  extensions  of  the  axial  rod  or  virgula  of  each  stipe. 
The  mode  of  growth  of  the  stipe  is  such  that  the  thecas  or  indi- 
ridual  cells  are,  in  their  normal  position,  directed  ioward.  This 
is  dne  to  the  fact  that  the  firet  theca  forms  at  the  distal  extrem- 
ity of  the  young  stipe  or  sicula,  and  in  all  later  growth  the 
increase  in  cells  is  at  the  proximal  extremity  of  the  stipe.  The 
aicnlfe  may  either  become  wholly  free  of  the  present  stock  and 
cotomence  the  growth  of  independent  colonies  or  may  remain 
attached  to  the  original  stock.  Some  of  them  seem  to  always  fol- 
low the  latter  course,  and  hence  successive  generations  of  gonan- 
gia give  rise  to  the  successive  generations  of  stipes  apparent  in 
every  well-preserved  colony.  Individual  sicula  departing  from 
the  parent,  as  soon  as  their  independence  is  attained,  are  shown 
to  be  provided  with  minute  floating  disks  nhich  eventually 
become  the  pneumatocysts  of  adult  colonies.  The  paper  is  illus- 
trated with  three  plates  of  highly  instructive  drawings. 
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Revision  of  the  Sponges  and  Coelenterates  of  the  Lower  Hel- 

derberg  Fauna. 

Mr.  George  H.  Girty,  of  Washington,  has  communicated  an 
interesting  and  important  paper  under  the  title,  A  Revision  of. 
the  Sponges  and  Coelenterates  of  the  Lower  Helderberg  Fauna 
of  New  York. 

In  this  paper  the  known  species  of  the  groups  mentioned  are 
redescribed  and  some  important  additions  are  made  of  heretofore 
undescribed  forms.  Opportunity  is  take  a  to  elaborate  certain 
structures,  as  the  genera  Hindia  and  Receptaculites,  some  new 
features  of  significance  with  reference  to  the  latter  being  brought 
out.  The  following  list  of  species  considered  will  convey  a  con- 
ception of  the  contents  of  the  paper. 


SPONGI.^. 
Hindia. 

Hmdia  sphceroidcUis,  Duncan. 
Ltbactinblla,  gen.  nov. 

LysactineUa     Gebhardi,     sp. 

nov. 
X.  pereleganSy  sp.  nov. 

ISCHADITBS. 

lachaditea  squamifer^  Hall. 
Rbceptac  ul  ites. 

Receptaculites  infundibulifor- 

mis,  Eaton. 
CCELENTERATA. 

Dictyonema  crassum,  sp.  nov. 
Monograptus     JSeecheri,     sp. 

nov. 
Syriiigostroma  centrotum,  sp. 

nov. 
S.  foveolatuniy  sp.  nov. 


S,  microporum,  sp.  nov. 
S,  JSarrettf,  sp.  nov. 
S.  consimile,  sp.  nov. 
Clathrodictya  Jewetti^  sp.  nov, 
Duncanella  ruditt,  sp.  nov. 
Streptelasma  strictum^  HalL 
Zaphrentis  Roemeri,  Edwards 

and  Haime, 
I^avosiUs  JBelderbergicey  Hall. 
J^,  Conradi,  sp.  nov. 
Alveolites  explanatus,  Hall. 
Pleurodictyum        lenttculare, 

Hall. 
Striatopora  Issa,  Hall. 
Cladopora  Clarkei,  sp.  nov. 
C\  HaUiy  sp.  nov. 
Aulopora  subtenuis,  Hall. 
A.  Schoharie,  Hall. 
A,  tubula.  Hall. 


The  paper  is  accompanied  by  seven  plates  of  drawings,  giving 
figures  of  all  new  species  and  illustrations  of  structural  details 
in  the  genus  Rboicftaoclites. 

Brachiopoda  of  Vol.  VIII,  Palaeontology  of  New  York. 

The  new  species  of  Brachiopoda  described  in  Palaeontology  of 
New  York,  Volume  VIII,  Parts  1  and  2,  1892-1894. 

During  the  proe^ress  of  the  work  upon  Volume  VIII  of  the 
Palaeontology  of  New  York,  it  became  necessary  to  describe  or 
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incidentally  refer  to  a  considerable  number  of  now  species  of 
firachiopoda.  The  volumes  of  the  Palaeontology  are  not  acces- 
sible to  a  large  portion  of  students  in  Palaeontology,  and  Volume 
VIII.  Part  2,  has  been  published  only  in  lOn  copies.  In  order 
to  tnalce  the  descriptions  and  figures  more  accessible,  it  has  been 
thought  advisable  to  republish  them  in  this  report. 

These  species  to  the  number  of  106  are  here  brought  together, 
tith  descripiiong  and  illustratiouB.    They  are  aa  follows: 


iMgtda  cotnpta. 

Lfiaieiluia. 
L.  paraeUt'M, 
L.  Uentola, 
i.  luij/vaia. 
Lini/ulopt  Qranti, 
Hraurmrrdla  Greenti. 

K.  OrlonL 

Jf.  Egani. 

Shimiholua  DaxiUUtmi, 

^phoiwtrtta  (?)  MianaoUntia. 

(Hieuloitiea  tmalia. 

0.  nutttuhtt. 

O.Hentri, 

Litdttroenietia  a^idium, 

ScAiatcrania  ScAucAerti. 

8.  (/)  Htlderberffla. 

Crania  agaricim, 

C.  pulchtUa. 

C.granoaa. 

C.  faoincola. 

CranUlla  Ulrichi. 

Pholidopt  rjilceola. 

P.  patina. 

Orthit  Panderiana. 

Of  glypta. 

O.flabtUUei,  var.  apania. 

O.f  Bblgtcni. 

0.  lorieiita. 

OJ  Soffordi. 

0.  areuaria. 

3 


O.  aupcrUta. 
0.  Owani. 
0.  senMta. 

Orthoalrophia  dolomitiea. 
SCrophomena  Vonradi. 
S.  WmcJielli. 
OHhothetea  deslderatua, 
Dtrbya  riiginoao. 
J>f  cmtatula. 
D.  Jiroadhsadi. 
D.  Scnnetti. 
J),  ej/mbuta. 

D.  {ft  bUoba. 

Streptorhynchua  Ulriohi. 

Tripkcia  NtagarenaU. 

Chrintiania  anhqwidratn. 

LeptttenUca  adnoacent. 

L.  tangent. 

Chonostropkia  Helderbergia. 

Slrophalosia  Mock/or denaia. 

S,  cytnbula. 

iStrop/ionella  coatatula. 

Plectamfionites  prodiiHo. 

Spirifer  cri/ipatns. 

8.  Canandaiffu(B. 

S.  mveronatat,  var.  posterus. 

S.  dii^junclua,  var.  sulcifer. 

8.  WiUiamai. 

S.  Netoberryi. 

Cyrtia  radiant. 

Cyrtinaumbona  a, var.  Alpvnensia. 

C.  lachrymota. 
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Syringoihyris  Missouri 
Athyris  densa. 
Seminula  Rogersi, 
S.  DatDsoni. 
Tryni/er  criticus, 
Rhynchospira  scansa, 
TVemdtospira  Teruiesseensis. 
Meristella  WalcoUi. 
Merista  Tennesseensis. 
Clintondla  vagabunda, 
Zygospira  putiUa. 
Atrypina  VlifUoni. 
Glassia  Romingeri, 
Camarophoria  rhomhoidalis. 
Parastrophia  divergens, 
P.  Oreenei. 
P.  multtplicata, 
P.  kUiplicata, 
LiorhyHchus  robustus, 
L,  Lesleyi, 


Canchidium  exponens, 

C.  scoparium, 

C,  obsoUtum, 

C.  Greenei. 

C.  crassiplica. 

C.  GeorgicB. 

Pentamems  oblongus,  van  Maqtuh 

kefa. 
P.  oblonguSy  var.  subrectus. 
Capellinia  mira, 
Rarrandella  Areyi. 
GypidtUa  Homingeri. 
Sieberella  Roemeri. 
Rensselaeria  Cayuga. 
R.  ovatum, 
Oriskania  navicella. 
SeleneUa  gracilis, 
Cryptonelia  sub  Uiptica. 
Beecheria  Davidsoni, 
Diela^ma  obovatum. 


Bryozoa. 

Mr.  George  B.  Simpson  has  communicated  a  memoir  contain- 
ing descriptions  of  the  genera  of  the  North  American  Palaeozoic 
Bryozoa,  with  an  introduction  upon  the  structure  of  living  spe- 
cies, intended  as  a  hand  book  for  the  use  of  students,  illustrated 
by  26  plates  and  numerous  text  illustrations. 

The  first  portion  of  this  work  is  devoted  to  the  recent  Bryozoa 
and  contains  the  history  of  observations  upon  these  organisms 
from  1599  to  the  present  time,  followed  by  a  bibliography  in 
which  135  titles  are  cited,  and  an  illustrated  detailed  account 
of  the  anatomy  under  the  headings,  1,  the  Cell;  2,  Opercula; 
3,  Avicularia  and  Vibracula ;  4,  the  Animal ;  5,  Alimentary 
.  Canal ;  6,  Lophophore  and  Tentacles ;  7,  Perigastric  space ;  8, 
Muscular  system;  9,  Nervous  system;  10,  Reproductive  organs; 
11,  Embryology;  12,  Statoblasts. 

The  second  part  is  devoted  to  the  fossil  forms  from  the  Palaeo- 
zoic rocks,  and  contains  a  scheme  of  classification,  the  bibliogra- 
phy of  the  Palaeozoic  species  of  America,  a  list  of  all  the  genera 
and  species  described,  with  references  to  authorship  and  the  geo- 
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Iqgio  fiHrmatioiig  in  which  they  oooar.  The  genera  desoribed 
nimber  156  and  the  spedee  enumerated  are  aboat  1|100.  The 
main  portion  of  this  seoond  part  is  devoted  to  diagnoses  of  the 
genens  iUostrated  by  about  200  figures  in  the  text  and  by  26 
phtes. 

lliis  paper  was  originally  commenced  by  the  writer,  at  the 
leqofist  of  the  Secretary  of  the  Board  of  Begents,  to  fill  tiie 
piaoe  of  Bulletin  No.  1  of  the  St4te  Museum  publications  by  the 
Begents  of  the  University.  Thd  plan  of  the  work,  at  that 
time  proposed,  was  mainly  a  description  and  illustration  of 
the  Palaeozoic  genera  of  Bryozoa  which  had  been  illustrated  in 
Tolume  6  of  the  Palseontology  of  New  York.  This  work  was 
ourried  on  at  my  personal  cost  nearly  to  completion;  32  of  the  pro- 
posed 84  plates  having  been  prepared  for  the  lithographer,  with  the 
mumscript  essentially  complete,  but  when  offered  to  the  Secre- 
tuy  for  publication  it  was  declined,  and  the  matter  left  on  my 
bsnda  The  work  has  since  been  turned  over  to  Mr.  Simpson  to 
be  completed  in  his  own  way,  while  the  generic  descriptions  and 
the  explanation  of  plates  of  the  original  paper  still  remain*  in  .the 
writer's  possession. 

Incompleting  this  memoir  Mr.  Simpson  has  elaborated  the 
work,  adding  thereto  the  discussions  upon  the  recent  Bryozoa, 
with  full  illustrations,  and  the  entire  work  in  its  present  form  is 
oommunicated  as  a  part  of  the  report  of  the  State  Geologist. 

The  Palaeozoic  Reticulate  Sponges  of  the  Family 

Dictyospongidae. 

A  Family  of  Palaeozoic  Hexactinellid  Sponges,  with  Descrip- 
tions of  the  Genera  and  Species. 

This  work  is  a  monograph  of  a  single  family  of  thin-walled 
reticulate  silicious  sponges  whose  life  was  restricted  to  Palaeozoic 
time.  These  fossils  were  early  described  as  remains  of  marine 
algae  and  a  few  species  from  the  latter  Devonian  rocks  became 
pretty  well  known  to  the  collectors  of  New  York  State  fossils- 
Their  true  sponge  nature  was  recognized  about  fourteen  years  ago 
by  Prof.  R  P.  Whitfield,  from  the  study  of  specimens  found  in 
the  soft  calcareous  shales  of  Crawfordsville,  Indiana,  which 
retained  the  pyritized  spicular  skeleton  of  the  sponge. 


20  Repobt  of  the  State  Geologist. 

In  several  preliminary  papers  published  in  the  Annual  Reports 
of  the  State  Museum  or  of  the  State  Geologist,  beginning  in 
1863,*  the  writer  has  described  a  number  of  species  from  the 
Devonian  and  Carboniferous  rooks ;  many  of  these  descriptions, 
however,  being  brief  and  incomplete,  and  without  illustration. 

In  this  memoir  all  known  species  of  this  family  from  American 
rocks  are  brought  together;  the  previously  described  species, 
forty-six  in  number,  are  re-described,  and  a  large  number  of  new 
forms  are  added,  sufficient  to  make  the  total  number  of  known 
species  of  this  single  family  something  more  than  one  hundred. 
The  work  opens  with  a  chapter  on  the  general  and  spicular 
structure  of  these  organisms,  their  relation  to  other  sponges, 
their  mode  of  growth,  distribution  and  preservation.  Following 
this  is  an  extended  bibliography  of  these  fossils  and  the  detailed 
descriptions  of  the  genera  and  species,  those  of  each  principal 
geologic  formation  being  considered  by  themselves. 

The  108  species  now  known  are  divided  among  27  genera,  16 
of,  which  are  new.  The  paper  is  illustrated  with  many  text 
figures*  showing  spicular  structure,  and  with  64  lithographic 
plates. 

*18<t3.  Sixteenth  Annual  Report  of  the  State  Cabinet  of  Natural  History.  Ten  species  were 
described  and  Illustrated. 

1894.  Thlrty-flfth  Annual  Report  on  the  State  Museum  of  Natural  History.  A  brief  description  of 
*he  genera  Cyathophycus.  Walcott,  and  Dlctyophyton,  Ectlnodictya,  Lyrlodlctya,  Thamnodictya, 
Phragmodlotya,  Clelodlctya  and  Physospongla,  Hall,  and  UphantaBnia,  Vanuxem,  were  given, 
together  with  a  revision  of  the  species  described  In  the  Sixteenth  Annual  Report,  and  Including 
those  described  by  Professors  C.  D.  Walcott  and  R.  P.  Whitfield,  T.  A.  Conrad  and  L.  Vanuxem. 

1890.  In  the  Ninth  Annual  Report  of  the  State  Geologist  two  new  genera  of  this  family,  vis.: 
Actlnodlctya  and  Cryptodictya,  together  with  10  new  species  of  this  family  of  fossils,  were  described  ; 
thus  making  the  entire  number  of  species  recognized  up  to  that  date,  46. 


Of  ihe  titles  of  works  communicated  in  my  report  of  last  year 
It  being  then  in  progress,  the  following  has  been  completed : 

Volume  VIII,  Part  2,  being  an  Introduction  to  the  Study  of 
the  Genera  of  Palaeozoic  Brachiopoda,  has  been  completed  and 
pnbiished.  This  volume  contains  420  pages  with  65  plates,  and 
the  text  is  illustrated  by  332  woodcuts,  showing  the  interior 
structure  and  other  characteristics  of  the  several  genera  described. 

Since  this  volume  brings  to  a  close  the  publication  of  work  in 
this  Department  as  a  part  of  the  series  of  Natural  History  publi' 
cations  of  the  State,  I  take  the  liberty  of  commnnioating,  with 
this  report,  the  preface  as  already  published. 

PREFACE. 

The  present  volume  brings  to  a  close  the  publication  of  the 
"Palaeontology  of  New  York,"  as  a  part  of  the  "  Natural  His- 
tory of  the  State  of  New  York,"  accordiDg  to  the  plan  proposed 
and  inaugurated  by  Governor  William  H,  Seward  during  his 
administration,  1839-1842. 

At  the  time  of  the  organization  of  the  survey  the  question  of 
publication  had  not  been  seriously  considered ;  the  annual  reports 
made  to  the  Governor  and  communicated  to  the  Legislature  were 
necessarily  published  in  the  ordinary  octavo  document  form. 

Hon.  John  A,  Dix,  in  his  report  preceding  the  organization  of 
the  Geological  Survey,  had  stated  that  "  it  is  supposed  that  the 
entire  account  of  the  survey  may  be  contained  in  three  octavo 
volumes  of  700  pages  each,"  together  with  an  atlas,  which  should 
contain  the  maps,  "  with  the  necessary  drawings  of  fossil 
remains."  This  was  the  only  suggestion  regarding  the  final  pub- 
lication of  the  results  of  the  supvey.  In  November,  1S39,  the 
Board  of  Geologists  made  a  special  communication  to  the  Gover- 
nor, calling  his  attention  to  several  matters  of  interest  to  the 
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Geological  Survey,  and  concluding  as  follows:  "The  Board 
would  also  suggest  to  the  Governor,  as  matters  which  will  soon 
require  attention,  the  mode  and  manner  in  which  the  final  reports 
are  to  be  published,  and  the  number  and  style  of  maps,  geological 
sections  and  diagrams."* 

At  a  later  period  it  was  decided  that  the  entire  work  should 
be  published  in  quarto  form. 

The  order  of  the  several  departments,  as  set  forth  in  the  first 
published  volume  of  the  (Natural  History,  was  as  follows:  Gen- 
eral Introduction,  by  William  H.  Seward ;  Part  I,  Zoology,  by 
James  E.  De  Kay ;  I:  art  II,  Botany,  by  John  Torrey ;  Part  III, 
Mineralogy,  by  Lewis  0.  Beck  ;  Parts  IV  and  Vf,  Geology  and 
Palaeontology,  by  William  W.  Mother,  Ebenezer  Emmons,  liard- 
ner  Yanuxem  and  James  Hall. 

Agriculture  was  not  prominent  in  the  original  plan  of  the  sur- 
vey, and  representations  coming  from  the  State  Agricultural 
Society,  in  1842,  led  Governor  Seward  to  recognize  its  import- 
ance in  this  relation.  He  decided  that  Agriculture  and  Palaeon- 
tology should  be  considered  $ts  departments  to  be  continued  and 
completed  as  a  part  of  the  Natural  History  of  the  State  of  New 
York. 

The  Department  of  Agriculture  was  placed  in  charge  of  Dr. 
Ebenezer  Emmons,  who  retained  his  position  as  State  Geologist, 
and  was  also  the  custodian  of  the  entire  collections  of  the 
Geological  Survey,  which  constituted  the  State  Cabinet  of  Natu- 
ral History ;  to  the  latter  position  he  had  been  appointed  by 
Governor  Seward. 

Mr.  Timothy  A.  Conrad,  who  occupied  the  position  of  Palaeon- 
tologist to  the  Geological  Survey  from  18,47  to  1842,  hud  pub- 
lished only  such  preliminary  annual  reports  as  were  required  of 
each  department.  At  the  latter  date  (I84:i)  so  little  progress 
had  been  made  in  the  work  that  only  a  small  portion  of  the 
characteristic  fossils  had  been  named  or  described  The  geolo- 
gists, therefore,  found  it  necessary  to  give  names  to  most  of  the 
fossils  used  in  illustrating  their  reports,  these  species  being  the 
more  common  and  characteristic  forms  of  each  group  of  the  New 
York  geological  series. 

*  Assembly  Document  50,  January,  1840. 

t  After  1842  the  Department  of  Geology  was  designated  as  Part  IV,  Agriculture  as  Part  V,  and 
Palaeontology  as  Part  Vl. 
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It  tlie  sptifig  of  1848  the  writer  was  plaoed-in  oharge  of  the 
ByMmtology  of  the  8t«te,  whfle  itill  retaining^  liis  poeitiozi  as 
fliite  Oeologkit*  At  that  time  there  were  practioalljr  no  cdlleo- 
tioMi  of  fonila  available  for  me  in  the  work,  nor  appropriations 
of  monegr  for  making  siioh  ooUeotions.  There  were  no  artists, 
flAer  for  original  drawings  or  for  lithography,  and  there  was 
wy  little  in  the  way  of  bodoi  on  Geology  and  Palaeontology. 

Mr.  Oonrad  had  estimated  that .  a  Tolome  of  1*  0  quarto 
fhtes  would  be  required  to  ^properly  illustrate  the  fossils  of  all 
Iha^iormafcinns  in  the  State  of  Kew  York;  After  the  first  year 
s(  etploration  by  myself  and  personal  assistants,  oovering  the 
ftifttfie  series,  from  the  Potsdam  sandstones  to  the  Ohemnng 
^1  fNHip  inoloshre,  it  was  foand  that  no  satisfkotory  aoooont  of  the 
fosnli  of  the  whole  series  ooald  be  given  in  a  single  volome,  and 
tksfcft  woidd  be  necessary  to  oonflne  attention  to  those  coming 
Irnii  the  lower  rooks-f  From  that  time  forward  efiForts  were 
lirseted  to  the  preparation  of  descriptions  and  illustrations  of 
fasrils  obaraoterizing  the  lower  division  of  the  ^^  New  York  sys- 
Mm^  which  appeared  in  the  first  volume,  published  in  1847,  con- 
tudng  8tf  S  pages  and  99  plates  of  illustration. 

In  that  volume  due  recognition  was  made  of  the  sources  from 
whidi  material  had  been  obtained  for  illustrating  the  work. 
Since  that  time  acknowledgmoDts  have  been  duly  expressed,  not 
only  to  amateur  collectors  of  fossils,  but  also  to  professors  in 
ooU^es  aud  scientific  gentlemen  generally,  both  within  the  State 
and  beyond  its  borders,  for  their  willing  aid  in  the  progress  of 
the  work.  Without  such  aid  some  portions  could  not  have  been 
properly  illustrated  (as  I  was  compelled  to  depend  solely  on  my 
own  purse  for  collections  made  in  the  field  during  the  prepara- 
tion of  the  earlier  volumes).  These  volumes  (I,  II,  III),  there- 
fore, present  a  less  complete  illustration  of  the  faunas  of  the 
geological  formations  to  which  they  refer,  than  do  the  later  vol- 
unes,  which  were  published  after  the  State  had  furnished  means 
for  making  field  collections. 

Volumes  I  and  II  should  be  revised  and  republished  with  all 
the  added  knowledge  of  these  faunas  obtained  during  the  past 
third  of  a  century. 

*8ee  preface  to  Volume  I,  Palaeontology  of  New  York. 

*  At  tlie  end  of  the  first  jear  (In  1844)  the  question  of  continuing  the  Departments  of  Agriculture 
Md  Palaeontology  was  brought  before  the  Legislature,  and  an  extension  of  time  allowed  for  the 
fiOBipletkm  of  the  work,  but  no  appropriation  beyond  the  salaries  of  the  ofllclals  was  granted. 
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This  work,  from  its  commencement  in  1843,  has  been  prose- 
cuted amid  many  difficulties,  and  often  under  conditions  which 
would  have  justified  its  final  abandonment.  These  hindrances 
have  been  overcome,  and  a  series  of  volumes  has  been  published 
and  accepted  as  a  contribution  to  the  scientific  literature  of  the 
world. 

The  work  in  the  agricultural  and  palaeontological  departments 
WBS  carried  on  in  the  old  State  Hall  (State  Cabinet  of  Natural 
History)  on  State  street,  until  1845,  when  the  authors  were  com- 
pelled to  remove  themselves  and  their  work  from  the  building. 
This  requirement  proved  seriously  burdensome  to  the  Palaeon- 
tologist, necessitating  at  once  the  erection  of  a  building  of  mod- 
erate size  with  ordinary  working  rooms ;  and  afterward  (when 
the  Legislature  began  to  make  appropriations  for  collections  of 
fossils),  two  extensive  buildings  were  found  necessary;  these 
were  erected  at  my  own  cost  and  fitted  up  with  about  4,000 
drawers,  for  the  proper  disposition  of  the  immense  collections 
brought  in  from  the  field,  together  with  rooms  and  conveniences 
for  the  preparation,  study  and  arrangement  of  fossils,  and  offices 
for  draughtsman  and  lithographer ;  and  they  were  occupied  as  a 
museum  and  laboratory  till  the  end  of  188(5.  Prior  to  1871  the 
Legislature  made  no  provision  for  the  expenses  of  these  or  any 
other  working  rooms,  nor  for  clerk;hire  and  incidental  outlay. 

From  1850  onward  for  several  years  no  appropriations  were 
made  for  carrying  on  the  work,  and  even  the  author's  small 
salary  was  discontinued.  From  1850  to  1^55  the  work,  except 
the  printing  and  lithography,  was  carried  on  entirely  at  the 
author's  personal  expense,  and  it  was  abandoned  early  in  the  lat- 
ter year.*     Afterward,  in  the  same  year,  Hon.  E.  W.  Leaven- 

♦The  following  extract  from  the  preface  of  Volume  III  will  give  a  more  clear  Idea  of  the  then  exist- 
ing conditions : 

**  This  department  of  the  Qeological  Survey  of  the  State  was  committed  to  my  charge  In  1843 ;  Vol- 
ume I  was  completed  and  published  in  1847 ;  and  Volume  IT,  so  far  as  regarded  my  own  labors,  was 
completed  in  1850.  and  the  work  of  the  third  volume  was  at  that  time  In  progress.  In  the  spring  of 
that  year  legislative  enactment  removed  the  direction  of  this  work  from  the  Governor  of  the  State, 
and  placed  It  in  the  hands  of  the  Secretary  of  State,  who  was  '  authorized  and  directed  to  take  charge 
of  all  matters  appertaining  to  the  prosecution  and  publication  of  .the  Geological  Survey  of  the  State ; ' 
and  In  the  third  section  of  the  same  law  It  was'made  '  the  duty  of  the  Secretary  of  State  and  the  Sec- 
retary of  the  Regents  of  the  University  to  report  to  the  next  Legislature  a  plan  for  the  final  comple- 
tion of  the  said  survey,  and  to  submit  the  estimate  of  the  cost  of  such  completion.' 

"  In  the  report  from  this  Commission  to  the  Legislature  a  proposition  was  made  to  pay  the  Palaeon- 
tologist '  two  thousand  five  hundred  dollars '  on  the  '  presentation  of  each  successive  volume,  com- 
mencing with  the  third,  to  the  Secretary  of  State ;'  which  volume  was  to  'contain  the  manuscript 
letter-press  ready  for  printing,  and  be  accompanied  with  the  very  fossils  described.' 

*'  This  *  proposition '  was  *  deemed  aju4tt  and  liberal  one,'  and  It  seems  to  have  been  anticipated  that 
the  work  would  go  on  under  such  conditions.   The'sum  of  money  here  proposed  to  be  paid  to  defraj 
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wmtQij  Beorotary  of  State,  undertook  to  fe-artablish  the  work 
upon  a  pnqper  baai%  and  the  author  was  indnoed,  by  an  appeal  to 
hiipatriotiBm,  to  take  it  again  in  oha^^  To  do  this  he  deolined 
apodtioii  wldoh  would  have  insiured  him  seoority  of  plaoe  and  a 
life  of  qniot  investigation  in  geological  scienoe.  Under  the  new 
anaiigement,  for  the  first  time  in  the  history  of  the  work,  means 
were  provided  for  the  collection  of  fossils  to  illnstrate  the  volnmea 
itill  to  be  published.  Because  of  these  collections  the  work  waa 
leoessarily  much  extended,  and  Yolume  Y,  originally  planned  as 
iringle  volume,  indudiag  text  and  plates,  has  been  expanded  to 
tmr  vcdumes.  Yolumes  YI  and  YII  and  all  .subsequent  work 
ks?6  fwofited  by  the  collection  of  fossils  made  from  1956  to  1865 
isdnsive,  when  appropriations  for  such  collections  ceased. 

This  final  volume  (YIII,  Part  1 1,  Brachiopoda),  after  being  held 
hKfk  for  one  year  through  want  of  an  appropriation,  was  printed 
topage  817  in  the  autumn  of  1893.  At  that  point  the  printiug  was 
^itiB  nfl|>ended.  In  order  to  have  a  record  of  the  date  of  the 
fiompleted  work  there  was  issued,  iu  July,  189s3,  a  fascicle  con- 
tiiBiiig  the  text,  from  page  1  to  176;  embracing  descriptions  of 
tte  spire-bearing  genera;  and  a  second  fascicle  in  December, 
1888,  carrying  the  text  to  page  817,  including  descriptions  of  the 
riiynchonelloids,  pentameroids  and  terebratuloids.  At  that  time 
die  concluding  chapter  or  summary  was  in  type,  but  the  appro- 
priation having  been  exhausted  the  printer  was  compelled  to  sus- 

the  mttre  expenM  of  collecting  the  foaslls  and  the  study  and  description  of  the  same,  together  with 
Iks  kibor  of  spperlniendlng  the  drawings  and  engraving,  was  In  fact  entirely  Inadequate  to  pay 
for  the  coIl«ctton  of  the  fossils  necessary  for  a  single  Tolume,  and  left,  besides  this,  more  than  four 
7«ari  of  labor  to  be  performed  by  the  Palaeontologist  without  any  remuneration  whatever.  Under 
thtie  drcnmstamoee  the  work  could  not  go  on,  and  It  became  by  this  act  virtually  suspended  In  the 
isrly  part  of  1860. 

"  From  the  commencement  of  the  work  the  expenses  of  making  the  collections  had  been  borne  by 
■jMlf .    Tbese  collections,  made  up  to  that  time,  not  only  embraced  most  of  those  of  the  first  and 
sNood  volomes,  but  the  greater  part  of  the  third  volume,  as  well  as  extensive  collections  In  the 
Ufker  rocks  of  the  New  York  series  for  the  succeeding  volume.    Besides  tbese  I  had  made  large  col- 
leetloiis  of  foaslls  In  the  same  series  of  strata  In  the  West,  for  the.purpose  of  comparison  with  the 
Vew  York  speclea.    In  this  way,  as  well  as  In  examinations  of  the  rock  formations  in  situ  over  a  large 
part  of  the  Western  States,  for  the  purpose  of  determining  the  parallelism  of  the  formations.  I  had 
already  made  great  pecuniary  sacrifices  In  carrying  on  the  work.    Under  these  circumstances,  there- 
tore,  aad  with  the  new  aspect  presented  by  the  law  of  1850,  and  the  action  of  the  Commission  relative 
thereto,  I  could  no  longer  devote  myself  to  its  prosecution,  and  consequently  made  other  arrange- 
Beota  for  the  occupation  of  my  time,  which,  however,  left  me  still  some  opportunity  to  continue 
■y  lavestlgattons  In  this  work.    As  the  contracts  between  the  State  and  the  engravers  continued  in 
force,  the  engraving,  after  1851,  was  carried  on  somewhat  slowly ;  my  frequent  and  protracted 
abeenee  rendering  It  impossible  for  me  to  give  that  personal  attention  to  it  which  a  work  of  this  kind 
so  fully  denumds.    In  order  to  prevent  its  entire  cessation  I  employed  a  person  as  an  assistant  (who 
afterward  became  my  draughtsman) ;  the  lithographer  volunteering  to  contribute  to  pay  a  portion 
«f  Ukt  «xpenBe  of  such  assistant,  that  his  own  work  might  not  cease  entirely.    In  this  way  the  work 
i  eontlnned  Ull  1855,  no  compensation  whatever  being  paid  to  the  author  during  this  period." 
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pend  all  work  upon  the  volume ;  so  that  this  chapter,  bringing 
the  text  up  to  350  pages,  together  with  accompanying  and  coU" 
eluding  matter,  was  laid  over  to  the  present  year. 

In  the  original  scheme  of  the  work  on  the  Brachiopoda  the 
generic  descriptions  were  to  be  accompanied  with  illustrations  of 
the  microscopic  structure  of  the  shell,  but  it  was  found  incon- 
venient to  accomplish  this  plan  during  its  progress ;  though  a 
large  number  of  sections  were  prepared  for  microscopic  study. 
This  part  of  the  work  is  postponed  for  the  present,  and  probably 
will  not  be  taken  up  again  by  the  writer. 

The  great  length  of  time  since  these  studies  were  resumed  in  : 
1888  has  enabled  those  assistants  who  were  with  me  in  the  earlier  ^ 
preparation  of  the  work  to  advance  their  investigations  in  the 
same  line  of  concept,  and  to  anticipate  some  of  the  results  which  i 
have  been  reached  in  these  volumes.    While  the  final  result  in  i 
this  direction  is  still  distant,  it  is  encouraging  to  see  the  work 
advancing  in  what  the  writer  believes  to  be  the  only  true  method 
of  studying  every  class  of  organisms. 

In  the  preface  to  Part  I  of  Volume  VIII  the  author  made 
acknowledgments  to  many  personal  friends,  to  collectors  of  fos- 
sils, to  museums  aad  geological  surveys ;  he  wishes  to  repeat 
these  acknowledgments  in  the  preface  to  Part  II,  since  this  will 
probably  be  his  last  opportunity  of  connecting  their  names  with 
the  progress  of  the  "Palaeontology  of  New  York." 

During  the    51   years  which    have  elapsed    since    the   com- 
mencement of  this  work,  I  have  had  many  assistants  who  directly 
or  indirectly  have  aided  in,  or  have  contributed  to,  its  progress. 
Among  the  earliest  of  these  was  Mr.  Fielding  B.  Meek  (afte^ 
ward  Palaeontologist  to  the  United  States  Geological  Survey  of 
the  Territories),  whose  services  were  largely  given  to  the  draw- 
ings for  the  plates  of   Volume  III,  which  were  lithographed  by 
Mr.  Frederick  J.  Swinton,  the  latter  continuing  his  connection 
with  the  work  till  1872,  enriching  the  volumes  by  his  excellent 
artistic  work.    During  the  early  part  of  the  same  period  Mr. 
Ferdinand  V.  Hayden,  who  subsequently  became  Director  of  the 
U.  S.  Geological  burvey,  was  my  assistant,  and,  together  with 
Mr.  Meek,  made  a  survey  of  the  Mauvaises  Terres  of  Nebraska^ 
at  my  personal  expense.     Dr.  Charles  A.  White,  now  of  the 
National  Museum  at  Washington,  who  had  been  my  assistant  in 
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e  Iowa  Survey,  was,  for  one  yesr,  engaged  in  the  service  of  the 
[ilaeontology  of  New  York,  in  maifipg  field  collections  and 
staining  geological  data.  Mr.  Robert  P.  Whitfield,  now  Curator 
E  Geology  in  the  American  Muaeiim  of  Natural  History,  was 
asociated  with  me  as  preparatSOr,  draughtsman  and  general 
anstant  in  the  work  for  20  yean  (ISM  to  1870).  AAer  this 
ate  Mr.  Charles  D.  Walcott.  now  Diractor  of  tlu  IT.  8.  Oaologiotl 
lorrey,  became  my  assistant  for  twt>  yean.  ^  the  final  ravunon 
ni  publication  of  the  four  volumes,  which  ooniUtate  Yolame  T, 

bad  the  assistance  of  Mr.  CbarlM  E.  Beeoher,  how  profflnor  in 
Tale  University,  from  the  comitienoemeni  of  the  Cephalopoda  to 
he  completion  of  the  Lametlibranohiata,  from  1878  to  188S. 
ir.  George  B.  Simpson,  who  has  lerved  the  work  for  many  yean 
s  draughtsman,  has  made  himself  Teiy  fcmili**  with  the  Biyoxoa 
od  Corals  of  our  geological  fonnationa,  and  has  giTcn  Teiy' 
sseatial  aid  in  the  preparation  and  pablioation  of  Yolame  YI, 
s  well  OS  in  other  work  connectad  with  the  Falaecmtdlogy.  In 
be  capacity  of  my  private  assistant,  the  Mrrioea  of  Hr.  OharleB 
ichachert,  now  of  the  U.  8.  National  HoBeom,  were  given  to  th« 
onraxding  cd  Yolnme  YUI,  as  already  stated  in  the  Preface  to 
^it  L  ProfesBor  J.  U.  Clarke,  who  oame  into  the  work  in 
886,  has  given  essential  aid  in  the  preparation  of  Yolumes  YII 
nd  YIII,  as  already  related  in  the  former  volume,  and  also  in 
'art  I  of  the  present  volome,  and  has  remained  with  me  to  its 
onclunon. 

From  the  beginning  of  the  work  it  has  been  the  ambition  of 
ie  anUior  to  secure  accurate  and  artistic  illustrations  of  the  sub- 
uts  under  disoussioa.  In  the  earlier  part  of  the  work  these 
Daditions  ooold  not  be  obtained,  but  in  later  years  the  style  and 
couracy  of  the  representations  has  left  little  to  be  desired.  In 
Its  |»«faoe  to  Part  I  of  this  volume,  I  made  acknowledgments 
>  the  draughtsmen  and  lithographers  who  have  been  engaged 
poD  this  work.  The  original  drawings  have  been  continued  by 
Ir.  Ebenezer  Emmons  and  Mr.  George  B.  Bimpson,  and  the 
lUu^raphy  by  Mr.  Philip  Ast,  who  have  attained  a  degree  of 
■erfection  in  their  work  of  which  it  is  my  duty  as  well  as  my 
•leasore  to  speak  in  praise.  My  thanks  are  due  to  the  printers, 
Jessrs.  Charles  Van  Bentbuysen  &  Sons,  now  the  veteran  print- 
Qg  house  of  the  country,  with  an  uninterrupted  intercourse  to 
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A  Preliminary  Deserlption  of  the  Faulted  Region  of  Herkimer, 
Fulton,  Montp>ffiery  and  Saratoga  Connties. 
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fwa,  FknOUom  glut  OmuOaOnOi.Bt.J'olauvaU  finiUa.ru  "Jfytm" 
fmlttJb»dafimiU,7iibt$£mfMat,Bread^bt»faiat,Ht!fmam'9  Arry 
ftt^  Saratoga  fatOUftattatorgafinata. 

Iatrodtictoiy> 

This  nport  is  an  Mxxrantof  stadiea  made  daring  the  gammer  of 
]  808  of  the  relatioiia  of  the  faolted  Lower  Sflarian  and  Oambrian 
memben  in  eastern  Central  'Nev  York.  The  primary  purpoie 
of  the  work  was  to  determine  the  distribntion  of  the  forma- 
tions for  the  recently  published  geologic  map  of  the  State,  bat 
data  were  also  obtained  bearing  oh  the  relatioDB  of  the  faults, 
and  the  stratigraphy. 

The  principal  faults  cross  the  Mohawk  river  between  Schenec- 
tady and  Little  Falls.  These  faults  appear  first  in  the  ITtica 
slate  at  no  great  distance  south  of  the  river  and  extend  north- 
wtml  with  a  gradually  increasing  throw,  bringing  ap  the  Trenton, 
Calciferous  and  crystalline  rocks.  Several  of  them  continue  into 
the  Adirondacks. 

Vanuxem*  described  the  principal  features  of  the  faults  in  the 
immediate  vicinity  of  the  Mohawk  nver,  but  gave  little  informa- 
tion regarding  their  northern  extension.  On  the  New  York 
geologic  map  of  1842,  some  of  the  more  general  effects  of  these 
faults  are  represented,  but  their  nature  was  not  indicated  Some 
further  light  was  thrown  on  the  relations  along  the  Mohawk 

•Oulocrof  s*^™L  Put  HI,  oomprlaliic  the  BurTejr  of  tha  Third  Oeologlcal  Dlitriat,  IM9. 
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river  in  a  brief  report  and  map  by  Mr.  C.  E.  Hall,  publishe( 
1886* 

Besides  the  faults  which  extend  to  the  Mohawk,  there  ar 
number  of  others  northward,  of  which  several  are  important,  j 
there  is  a  series  of  prominent  dislocations  in  Saratoga  coui 
It  has  been  known  for  many  years. that  the  springs  at  Sarat 
rise  along  a  fault  plane,  and  some  features  at  this  locality  w 
described  by  Matherf  and  Emmons.J 

General  Relations. 

The  sedimentary  formations  of  the  region  are  a  successior 
sandstones,  limestones  and  shales  lying,§  on  a  floor  of  crystal] 
rocks.  They  dip  to  the  southward  and  southwestward  at  a  \ 
moderate  rate,  constituting  a  general  monocline.  The  amc 
and  direction  of  the  dip  is  not  uniform,  but  the  variations  do 
materially  aflfect  the  general  relations.  The  faults  traverse 
general  monocline  and  give  rise  to  wide  offsets  in  its  regulai 
and  local  tilting  of  greater  or  less  amount.  Adjacent  to 
fault  planes  there  are  also  certain  features  of  local  disturba 
such  as  upturning  of  the  beds  on  the  down-thrown  sides, 
distribution  and  relations  of  these  faults  are  indicated  in  the  i 
and  in  plates  2  and  3.  In  plate  2  I  have  attempted  to  repre 
the  relative  positions  of  the  fault  blocks  restored  or  bared  at 
ideal  surface  of  the  Trenton  limestone.  In  A  and  B,  plat 
cross-sections  are  given,  indicating  the  principal  features  a] 
the  Mohawk  Valley  and  along  a  zone  about  eight  miles  nc 
respectively.  From  these  illustrations  it  will  be  seen  that 
faulting  seems  to  have  taken  place  along  vertical  planes,  an< 
have  been  accompanied  by  a  sharp  drag  of  the  strata  on 
down-thrown  side  of  the  blocks.  la  the  following  pages 
evidence  on  this  point  will  be  given  in  detail,  with  a  descrip 
of  the  features  of  the  several  faults. 

The  occurrence  of  crystalline  rock  at  Middlaville  has  g 
rise  to  a  supposition  that  there  is  a  fault  at  this  locality.  Ov 
to  the  existence  of  this  view  I  have  made  a  careful  examina 

•  Field  notes  on  the  Geology  of  the  Mohawk  Valley,  Fifth  Report  of  the  State  Geologist  f< 
pp.  8-10.     (See  note  at  end  of  this  paper.) 

+  Geology  of  New  York,  Part  I.    Comprising  the  Geology  of  the  First  Geological  District.  1813 

t  Agriculture  of  New  York,  by  Ebenezer  Eminons,  1846. 

§  A  description  of  these  formations  was  published  in  the  Report  of  the  State  GeologI 
the  year  1693,  pp  409-429,  plates  1-14.    Albany,  1894. 
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e  relations,  and  find  that  no  fault  exists.  The  overlying 
tions  are  continaoua  around  the  valley,  and  they  are 
^  in  many  outcrops.  The  suppi^ition  that  there  is  a  fault 
i  point  may  be  due  to  the  fact  that  in  the  bank  along  the 
de  of  the  stream  there  are  clays  containiog  a  very  large 
it  of  Utica  slate  dibris  which  might  be  miatatcen,  on  casual 

ation,  for  Utica  formation  in  place.    At  a  short  distance 

lowever,  there  are  continuous  vertical  outcrops  from  the 

9rous  to  Utica  beds,  matching  those  on  the  west  side  of  the 

The  presence  of  the  small  in^lnsed  area  of  crystalline 

is  due  to  a  slight  anticlinal  in  this  vicinity,  which  has 
bt  ihe  crvstalline  rocks  within  reach  of  the  creek  for  a  few 
ed  yards,  Down  stream  the  southwesterly  dips  carry 
rmations  beneath  the  surface  in  regular  succession.  To 
irihweetward  there  is  first  a  slight  downward  slope  in  the 

and  in  the  underlying  surface  of  the  crystalline  rocks, 
d  which  the  stream  runs  along  the  strike,  so  that  in 
ling  the  valley  we  finally  rise  high  into  the  Trenton 
tion  at  Trenton  Falls. 

Faults. 
,'  Little  Fails  Faults. —  The  nature  of  the  uplift  at  Little 
s  shown  in  the  following  figure. 


>  uplift  gives  rise  to  the  most  conspicuous  topographic 
e  of  the  Mohawk  Valley.  Approaching  Little  Falls  from 
ist  the  long  gentle  slopes  of  the  liills  of  Utica  slate  are 
.ly  terminated  by  a  hi<rh  ridge  crossing  (he  valley  from 
to  north.  Tiie  river  cuts  through  this  ridge  in  a  deep, 
ely  narrow  gorge,  lined  with  high  cliffs  of  Calciferous 
ick  and  crystalline  rocks.  In  the  eastern  end  of  the  gorge 
vstalline  rocks  rise  in  cliffs  100  feet  high,  to  a  high  terrace 
unted  a  short  distance  back  bv  cliffs  of  Calciferous  sand- 
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rock  200  feet  high.  This  fonnatioa  ooiiBtitotei  another  temat 
snrmopnted  in  tnrn  by  a  low  terrace  of  Trenton  and  Birdseje 
limestones  and  ronnded  slopes  of  Utica  slate.  These  temujes  all 
slope  soathvrestward  witii  the  dip  of  the  formations  and 
merge  in  snocsession  into  the  bottom  of  the  valley  above  Little 
Falls.  The  terrace  on  the  surface  of  the  crystalline  rocks  is 
Trider  on  the  north  side  than  on  the  south  side  of  the  gorge,  and 
it  is  on  this  wider  terrace  that  the  village  of  Little  Falls  is  built; 
aboat  midvray  through  the  gorge.  The  following  section  is 
through  the  central  portion  uf  the  village,  and  illnstrates  the 
relations  of  the  terraces,  although  they  are  here  somewhat 
diminished  in  altitude  above  the  river.  In  figure  8  they  are 
shown  in  their  maximum  altitude. 


^^^^^^k^^M^^^^^m. 


whmt  exonenifd- 


About  two  miles  above  Little  Falls  the  Calciferous  terrace  and 
cliff  gradually  disappear  beoeath  the  river,  the  valley  widens 
and  the  slopes  of  Utica  slate  extend  to  its  bottom.  The 
relations  along  the  fault  plane  are  shown  in  figure  31 


nonb  of  Salisbury 


Faultbd  Baraov  o>  toe  Mohawk. 

At  ttu  eftBtem  flntmioe  of  the  little  Falls  gorge  the  crystalline 
iDoks  and  overlying  Oaloifaroiu  landrock  present  a  precipitous 
front  to  the  eutvuxl.  In  a  ihort  distance  to  the  south  and  to 
the  north  this  fruit  beoooui  flanked  by  slopes  of  Utica  skte 
whiofa  rapidly  rise  to  abore  the  level  of  tbe  upper  surface  of  the 
otTitalluie  rooke.  A  short  distance  south  of  the  river  the  C'al- 
dferoos  and  Trenton  dip  beneath  the  Utica.  slate  and  the  fault 
iilost  inthehig^  hills  of  the  Hudson  river  formation  to  the 
noQiward. 

The  aotnal  fault  plane  iS  obsoordy  exposed  at  several  points 
n  the  n<»ih  side  of  the  rirer  and  if  not  Tertical  it  is  very  nearly 
■0.  Tbe  shalea  in  the  adjoining  slopes  are  bent  up  against  the 
bolt  at  angles  from  40''-70'',  averaging  60^  in  greater  part.  This 
iteep  esstward  .dip  rapidly  deoreAses  to  the  east,  and  in  exposures 
ft  half  mile  below  the  month  of  the  gorge  a  geiMJo  soathwestd^ 
ii  observed  at  several  prants  near  the  river 

Northward  from  the  river  viUley  the  pressnoe  d  the  fialt  is 
mailed  by  a  oliff  of  Oaloiferoos,  rising  to  greater  or  lees  hei^t 
above  tiie  roonded  hQIa  of  the  Utioa  slate  region  eastward.' 

Three  miles  north  of  tbe  Hohavk  the  fanlt  is  crossed  by  a 
small  depression  which  outs  tbrongh  the  Caloiferons  and  a  short 
distance  into  the  crystalline  rocks  on  the  west  side  of  the 
fault,  and  through  IJtica,  Trenton  (md  Birdseye  beds  to  the  top 
of  the  Catoiferous  on  the  east  side.  The  relations  at  this  point 
are  shown  in  longitudinal  section  in  figure  3.  The  upturn  of  tbe 
beds  here  is  very  moderate  as  tbe  dips  are  not  over  6°.  The 
actual  fault  plane  is  not  exposed  but  there  are  outcrops 
within  a  yard  or  two  of  it.  At  Little  Falls  there  are  no  means 
for  estimating  tbe  amount  of  tbe  uplift  for  we  do  not  know  the 
thickness  of  strata  lying  against  the  thrown  side  of  the  fault. 
At  this  locality  the  presence  of  tbe  Trenton  on  both  sides,  and 
the  moderate  dips,  afford  all  necessary  data.  An  estimate  made 
from  fairly  accordant  aneroid  readings  with  tbe  estimated  allow- 
ance for  dip,  gave  an  average  of  3tu  feet. 

On  the  north  aide  of  this  depression  tbe  Utica  slate  lies  against 
the  fault,  with  tbe  usual  cliff  of  Calciferous  on  the  west  aide  of 
the  uplift.  A  short  distance  west  of  tbe  crest  of  tbe  cliff  are  the 
low  terraces  of  Trenton  limestone  surmounted  by  rounded  bills 
of  Utica  slate.     A  mile  and  a  half  farther  north  tbe  fault  has 
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increased  considerably  in  amount  and  the  crystalline  rocks  are 
brought  up.  Thence  northward  they  constitute  the  cliff  along 
the  fault  scarp  and  the  Calciferous  and  Trenton  extend  to  the  north- 
westward by  Salisbury  Village  and  Diamond  hill  as  terraces 
surmounted  by  high  hills  of  Utica  slate. 

A  typical  section  of  the  relations  near  the  point  at  which  the 
scarp  of  crystalline  rocks  begins  is  shown  in  figure  B,  plate  3. 
Farther  northward  the  crystalline  terrace  widens  greatly  and 
increases  in  height.     The  fault  plane  was  not  observed  in  this 
region,  but  its  presence  is  everywhere  characterized  by  cliffs  and 
steep  slopes  of  crystalline  rocks  over  which,  at  Salisbury  Center, 
a  branch  of  East  Canada  creek  falls  in  a  series  of  cascades  aggre- 
gating nearly  a  hundred  feet  in  descent.    The  adjoining  Utica 
shales  are  seen  at  several  points  west  of  Dolgeville  within  fifty 
yards  of  the  fault,  dipping  to  the  eastward  from   10*^   to  30^. 
Just  north   of  Salisbury   Center  the  northward  pitch  of  tb® 
monocline  east  of  the  fault  brings  up  the  crystalline  rocks   hb 
shown  in  II  in  figure  3,  and  northward  the  fault  is  entirely    i^ 
crystalline    rocks.      I  followed  it  to  a  short  distance    above 
Devereux  where  its  presence  is  marked  by  a  continuous  line  ox 
cliffs  and  steeper  slopes. 

Fatdts  on  East  Canada  Creek. —  There  are  two  faults  on  and 
near  East  Canada  creek,  and  although  their  throws  are  noc  great 
nor  the  effects  particularly  conspicuous,  their  features  are  so 
clearly  exposed  that  they  are  of  special  interest.     They  were 
both  described  in  considerable  detail  by  Vanuxem  in  his  report  on 
the  Third  Geological  District. 

The  southernmost  fault  crosses  the  Mohawk  river  at  the 
mouth  of  East  Canada  creek  as  shown  in  plate  2.  On  the  north 
side  of  the  river  there  are,  on  the  east  bark  of  the  East  Canada 
creek,  nearly  horizontal  beds  of  Utici  slate,  and  the  west  bank  is 
a  cliff  of  Calciferous.  On  the  south  side  of  the  river  the  Utica 
slate  on  the  thrown  side  of  the  fault  abuts  against  Birdseye 
limestone.  A  bhort  distance  south,  the  Birdseye  and  Trenton 
limestones  pass  beneath  the  Utica  slate  and  the  fault  is  lost  in 
the  hills  near  Minden.  The  fault  extends  up  East  Canada  creek 
for  about  a  mile  when  its  trend  changes  to  a  course  slightly  more 
eastward  and  it  passes  into  the  eastern  bank  of  the  creek.  Here 
the  fault  plane  is  superbly  exposed  at  the  foot  of  a  long  series  of 
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In  these  illustrations  there  should  be  noted  the  vertical  fanlt 
pbne,  the  presence  of  the  dike  along  the  fault  plane,  the  typical 
DQbendiDg  of  the  Utica  slates  and  Trenton  beds  a^nst  the  fault, 
ud  the  breccia  which  includes  a  large  fragment  of  Birdseje 
limestone. 

The  Calciferons  wall  on  the  west  side  of  the  dike  is  consider- 
ably fractured  and  the  general  southerly  dip  uf  the  formation,  in 
Uie  fine  series  of  exposures  np  the  creek,  gives  place  to  gentle 
undulations  shown  in  part  in  plate  4.  The  breccia  comprises 
angalar  frag:ments  of  Calciferous  sandrock  (some  but  slightly 
ont  of  place)  and  of  Birdseye  limestone,  in  a  matrix  of  sand 
from  the  Calciferous  beds.  The  thickness  of  this  breccia  varies 
from  three  to  eight  inches.  The  n>lations  of  the  large  fragment 
of  Birdseye  limestone  are  not  clearly  exposed,  hut  it  appears  to 
be  in  the  breccia  and  not  in  regular  sequence  with  the  Trenton 
beds  cut  oS  by  the  dike. 
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The  dike  was  recently  described  by  C.H.  Smyth,*  whoinddentallj 
refers  to  some  of  its  relations.  Its  thickness  in  this  exposure  is 
from  eight  to  ten  inches,  and  it  is  accompanied  by  a  thin  adjoin. 
ing  vein  of  calcite,  carrying  pyrite  and  galena.  An  adit  was  nm 
in  on  the  vein  some  years  ago  in  the  hope  that  it  might  be  found 
metalliferous,  a.nd,  according  to  Smyth,  it  was  found  that  the 
dike  ends  at  about  sixty  feet.  Its  extension  along  the  surface 
southward  was  not  found  owing  to  drift  and  debris. '  The  rook 
is  described  by  Smyth,  and  in  a  supplemental  paperf  is  stated  to 
be  alnoite,  containing  the  rare  mineral  melilite  in  considerable 
amount. 

The  amount  of  displacement  of  the  fault  is  about  sixty  feet^ 
not  counting  the  upturn  of  the  beds  on  the  downthrown  sidSb  * 
This  upturn  extends  for  about  100  yards  from  the  fault  and 
gradually  gives  place .  to  gentle  southwest  dips.  The  Trenton 
limestone  exposed  is  nine  feet  in  thickness,  in  layers  three  to  eight 
inches  thick.  It  is  abruptly  terminated  by  Utica  slate  beds  with 
a  six-inch  layer  at  their  base.  In  its  extension  northward,  the 
fault  diverges  from  the  creek  at  a  small  angle  and  appears  to  be 
lost  in  Utica  slates  in  the  hills  west  of  Crumb  creek,  but  owing 
to  heavy  drift  cover,  it  could  not  be  followed  any  great  distance. 

Ascending  the  creek  above  the  fault,  there  is  the  fine  series  of 
exi)osures  of  Calciferous  shown  in  plate  8,  with  others'  extending 
to  Ingham's  Mills,  all  dii)ping  gently  southwestward.  AbQve 
the  mills  the  Birdseye,  Trenton  and  Utica  formations  extend 
across  the  creek  in  succession.  Half  way  between  Ingham's 
Mills  and  Dolgeville,  the  dips  suddenly  change  to  northeast,  and 
increasing  rapidly  in  amount,  bring  up  the  Trenton,  Birdseye 
and  Calciferous  beds  in  succession  on  the  east  bank  of  the  creek; 
a  fault  also  developing  which  increases  rapidly  northward.  This 
fault  is  shown  on  plate  2. 

In  the  following  figure  the  four  sections  illustrate  the  develop- 
ment and  relations  of  this  uplift.  It  will  be  noted  that  this  fault 
differs  from  the  two  others  described,  in  having  the  uplift  on  the 
eastern  side.  The  upturned  Utica  slates  are  finely  exposed  along 
the  high  eastern  bank  of  the  creek  to  the  high  falls  below  Dolge- 
ville.    Xorth  of  the  falls  there  is  a  low  cliff  of  Calciferous  which 

•  Am.  J.Mirii.  S<«l..  3<1  SitU'S,  vol.  V.,  pp.  !r^i-a27. 
+  Am.  Journ.  Sol.,  .'kl  SiTl*-:*,  vol.  ifi,  j,.  114. 


1 


St.  JohjuvSle  Faults. —  YaQiixeiii  described  some  features  of 
the  St  Johnsville  region  and  recognized  two,  if  not  more,  series 
of  nplifta,  but  stated  that  there  was  considerable  obscnrity  in 
their  relations  which  he  had  not  bad  time  to  unraveL  It  appears 
that  there  is  one  fault  which  branches  and  ourves  in  an  unique 
manner  for  a  dislocation  that  is  apparently  not  due  to  overthrust. 
The  relations  are  fairly  well  exposed,  and  I  believe  the  true  nature 
of  the  dislocation  is  shown  in  plate  2. 
6 
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The  relatione  of  the  fault  which  branches  to  the  soathward, 
are  plainly  exhibited  particularly  along  the  road  and  in  quarries 
three  miles  east  of  St.  Johnsville,  and  also  in  the  slopes  and  in 
an  old  qua.rry  south  of  the  river.  This  dislocation  brings  thf 
middle  beds  of  the  Calciferous  up  to  a  horizon  about  100  2 
above  the  base  of  the  Utica  slate. 

The  Utica  slate  east  of   the  fault  dips  eastward  at  angta 
averaging  about  2u°,  but  this  upturn  dies  out  rapidly  in  a  teif% 
rods.    The  river  valley  is  cut  across  the  eroded  block  into  t 
Calciferous  with  Trenton  and  Birds^ye  beds  lying  on  the  highn 
terraces,  and  the  Utica  slate  above.    Along  a  porlaon  of  tlw^ 
north  side  of  the  block  the  latter  has  been  removed  and  the  j 
Trenton  and  Birdseye  beds  abut  against  the  Calciferous  alonj 
the  main  fault.    The  following  section  illustrates  the  relation  otiJ 
this  inclosed  block: 


The  beds  in  the  inclosed  block  dip  westerly,  and  at  St.  J< 
ville  the  Utica  slates  come  in  and  underlie  the  upper  portion 
the  village.  Those  slates  are  penetrated  by  a  well  at  the  con- 
densed milk  factory  on  Zimmerman's  creek,  and  according  to 
Vanuxem  they  were  once  exposed,  together  with  upturned  edges 
of  Trenton  and  Birdseye  limestones,  in  the  creek,  near  the  side 
of  this  factory.  The  Calciferous  rises  abruptly  in  Cliffs  juit 
beyond  and  curves  around  to  the  west  and  south  on  the  upthrown 
side  of  the  fault.  Vanuxem  states  that  "  the  slate  was  alio 
exposed  at  the  little  bridge  near  by,  in  the  bottom  of  the  creak, 
inclining  away  from  the  Calciferous,  which  rises  100  feet  above 
it.  The  slate  dips  to  the  south  at  an  angle  of  about  45°.  It 
shows  much  white  carbonate  of  lime  and  some  pyrites.  The 
Calciferous  at  its  junction  with  the  slate  is  in  one  part  fractured, 
the  parts  cemented  forming  a  breccia."*     Below  this  are  heavy 


,nd  dike  at  old  adit  in  east  bank  of  East  Canada  Creek  n 
Hankeim,  New  York  ;  near  View. 
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teds  of  day  and  boulders.  This  exposure  is  now  covered  and  is 
BO  longer  aocessible.  Tlie  course  of  this  main  fault  is  very  (dear 
nearly  to  the  pcnnt  at  which  it  bends  to  the  southeast  to  cross  the 
Mohawk,  where  it  is  covered  by  drift.  The  relations  in  this 
vicinity,  so  far  as  knovm,  are  shown  in  the  following  section 
^whksh  croeses  the  loop  in  Uie  main  fault 
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The  rdations  of  the  recurved  portion  of  the  fault  on  the  south 
of  the  river  are  clearly  exhibited  in  every  detaiL  The  fault 
Iflane  is  not  exposed,  but  the  Utica  slate  and  Oaldferous  are 
ileen  within  a  few  feet  of  each  other  in  the  west  bank  of  a  small 
^k,  and  the  course  of  the  fault  is  seen  to  he  due  north-northeast 
down  to  the  mouth  of  this  brooklet.  The  slate  is  tUted  bacli;  to 
the  eastward  in  the  usual  manner,  for  several  rods  from  the 
fault.  The  Trenton  and  Birdseye  limestones  on  the  uplifted  side 
dip  to  the  southwest,  which  carries  them  from  an  altitude  of  150 
feet  above  the  river  near  the  fault  to  below  the  river  a  short 
distance  east  of  the  East  Canada  creek  fault.  Both  the  main  and 
branch  faults  are  lost  in  the  high  region  of  Utica  slate  a  short 
distance  south  of  the  crest  of  the  southern  bank  of  the  Mohawk 
To  the  northward,  the  principal  fault  increases  in  amount  and 
brings  up  the  crystalline  rocks  in  an  area  which  widens  and  rises 
rapidly  in  the  next  few  miles.  Along  by  Garoga  the  scarp  of 
crystalline  rocks  is  very  high  and  precipitous.  The  Utica  slate 
east  of  the  fault  underlies  the  depression  eastward.  North  of 
Rockwood  the  crystalline  rocks  come  up  on  the  east  side  of  the 
fault.  North  of  this  vicinity  the  fault  was  not  traced,  but  it 
probably  extends  far  into  the  Adirondacks. 

The  ''Noses'^  Fault, —  This  great  uplift  crosses  the  Mohawk 
rivrer  five  miles  below  Canajoharie.  It  is  very  similar  to  that  of 
Little  Falls,  giving  rise  to  a  great  ridge  of  Calciferous,  rising  ab- 
ruptly from  the  moderately  elevated  Utica  slate  region  eastward. 
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Through  this  ridge  the  river  has  cut  a  narrow  gorge  with  high 
walls  of  Calciferous,  which  are  seen  to  be  underlain  for  a  short 
distance  by  crystalline  rocks.  The  river  winds  slightly  in  the 
eastern  portion  of  this  gorge,  and  the  short,  sharp  spurs  of  the 
high  cliffs  have  given  rise  to  the  appellation  of  the  "  Noses," 
which  is  well  known  to  travelers  along  the  Mohawk  as  a  particu- 
larly wild  and  picturesque  part  of  the  valley.  This  dislocation 
is  shown  in  plate  2.  The  fault  is  not  so  great  in  amount  as  that 
of  Little  FaUs,  and  the  crystalline  rocks  are  not  so  extensively 
exposed,  but  owing  to  oscillations  in  dip,  the  walls  of  Calciferous 
extend  much  farther  up  the  river.  The  Trenton  and  Utica 
formations  extend  continuously  along  the  south  side  of  the 
gorge,  beginning  in  an  upper  terrax^e  lying  a  short  distance  back 
from  the  crest  of  the  Calciferous  cliff.  On  the  nort  side  of  the 
river  these  formations  extend  to  nearly  opposite  Spraker's  Basin, 
below  which  the  Calciferous  extends  widely  to  the  north,  and 
eastward  to  the  fault,  where  it  ends  in  a  prominent  scarp.  This 
scarp  is  elevated  high  above  the  rolling  surface  of  the  Utica  slate 
region  eastward.  The  crystalline  Tocks  at  the  "  Noses  "  on  the 
Mohawk  do  not  extend  quite  to  the  fault,  but,  as  shown  in  sec- 
tion A,  plate  2,  rise  in  a  low  anticline  just  west,  to  an  extent  of 
about  forty  feet  above  the  river  on  the  south  side,  and  seventy- 
five  feet  on  the  north  side.  Possibly  in  the  river  trough,  where 
the  Calciferous  is  deeply  eroded,  the  crystalline  rocks  may  extend 
to  the  fault. 

South  from  the  river  the  relations  of  the  fault  are  well  exposed 
on  the  road  to  Currytown,  which  crosses  it  three  times.  The 
Calciferous  rises  as  a  wall  or  steep  slope,  with  the  Utica 
slates  abutting  against  it  and  dipping  away  at  angles,  for  the  most 
part  averaging  50°.  This  dip  rapidly  decreases  eastward  and 
finally  gives  place  to  the  gentler  general  southwesterly  inclina- 
tion. The  essentially  vertical  position  of  the  fault  plane  is  clearly 
exhibited  between  Currytown  and  the  river,  not  only  in  many 
small  exposures  of  a  perpendicular  fault  scarp  but  in  its  straight 
course  up  the  long  slope,  aggregating  over  200  feet  in  ascent. 
Half  a  mile  north  of  Currytown  the  Trenton  and  Birdseye  lime- 
stones are  seen  overlying  the  Calciferous  and,  in  a  short  distance 
up  the  slope,  the  Trenton  limestone  passes  beneath  the  Utica 
slates.    Tne  Calciferous  along  the  fault  is  often  considerably 
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broken  and  crashed.  Jtl  BMUl  dip  At  and  near  tho  Mohawk  is 
gentEv  to  the  east ;  near  Oanytown  it  ii  west,  fur  tho  most  part 
gently,  but  at  one  point  40°.  Tlie  amomit  of  dislucation  along 
ttie  fault  \*  about  300  feet  At  the  Ifohawk  river. 

\urtlt  (roin  the  river  die  gieat  lOkrp  to  whibh  tUl  fnh  gJTe* 
rise  extends  for  many  miks  u  «  high  wall  along  ths  WMt  aide  of 
the  great  Utica  slate  arfla  of  Johnitown  and  OloTeraTiUB.  For 
ibe  firet  six  miles  this  ^ntll  oooiistB  of  the  Oalotferonli  eandTocfr 
tritb  tindorlying  crystalline  rooki:  oooanoaallj  expoaed  where 
broolclets  cut  into  the  Utioa  slatea.  With  the  genentl  upward  ' 
pitch  to  the  north  and  lome  increase  in  the  tlirow  of  the  Unit, 
the  surface  of  the  crystalline  rooks  gradoally  innrcaaas  in  alti' 
tade,  aiKl  southwest  of  Johttstown  it  wtends  to  the  oreit  of  tUe 
Cult  scarp.  The  Calciferoos  then  trends  off  to  fheveat  as  a  ter^  ■ 
nee  and  the  crystalline  rook  area  expands  into  a  wide  hig^ 
^t«au  capped  by  a  few  small  oadien  ti  Fotadam  sandstone. 
The  Utica  slates  lying  to  the  east  of  ttie  faolt  are  expoaed  at 
nany  points  with  the  tunal  riiarp  dip  to  the  eastward  in  the 
immediate  proximity  of  the  &alt  planfli  On  t^  tompEke,  at  a. 
pwit  about  three  mites  ^eat  <rf  Johnstown,  t^e  average  dip  of  the 
doles  is  40^,  and  in  several  ezpoBores  sooth  of  here  dipa  of  60* 
vere  noticed.  This  distarbance  was  found  to  extend  from  S  0 
to  8uO  yards  from  the  fault,  the  eastward  dip  gr<idaaUy  dying  oat 
ud  giving  place  to  the  general  monoclinal  inclination  to  the 
MQthwest.  Although  the  fault  plane  was  not  observed  in  this 
region,  there  are  several  exposures  in  which  it  is  clearly  seen  to 
be  vertical  or  very  nearly  so.  One  is  in  the  banks  of  a  creek 
which  falls  over  the  fault  soarp  of  crystalline  rooks  in  a  long 
mocessioQ  of  cascades.  Near  the  bottom  there  is  a  bank  in  which 
■  sheer  wall  of  crystalline  rocks  is  seen  along  the  fault  plane. 
Ibere  is  much  debris  banked  against  it  bat  the  Utica  slate  ont- 
m)p8  at  several  points  near  by  in  the  gorge  and  within  a  few 
inches  of  the  contact  in  the  road  above. 

In  the  region  west  of  Johnstown,  I  found  a  branch  fault  ex- 
tending southwestward  from  the  main  dislocation  to  a  point 
lODli)  of  E/^iiratah.  Its  relations  are  shown  in  section  B,  plate  3, 
JBtt  ander  the  B  and  also  on  plate  2.  The  downthrow  is  on  its 
Wflttem  side  and  it  gives  rise  to  a  conspicuous  scarp  of  crystalline 
tacks  and  Calciferous,  facing  northwest.     Its  maxima  u  throw  is 
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near  the  centre  of  its  coarse,  at  a  point  abqut  due  east  of  Ephra— 
tab,  where  the  amount  is  250  feet,  and  the  Utica  slate  is  seeo^ 
abutting  against  the  crystalline  rocks  South  of  this  point  tix^ 
crystalline  rocks  dip  beneath  the  Potsdam  sandstone  and  Calcifer — 
OU8,  the  throw  decreases  gradoally  and  the  fanlt  dies  out  in  th^ 
overlying  Trenton  limestones,  a  mile  north  of  Stone  Arabia.  Tc^ 
the  northward  the  Trenton  and  Birdseye  limestones,  the  CaL— 
ciferons,  the  Potsdam,  and  the  orystaJliQe  rocks  are  clearly  ex- 
posed, coming  up  in  succession  along  the  dip  on  the  west  side  of 
the  fault.  The  continuation  of  the  fault  through  the  cryttaUin^ 
area  to  the  main  fault  is  not  clearly  exposed  and  the  amount  of 
throw  appears  to  diminish  in  the  interval. 

■West  of  Gloversville  the  course  of  ihe  '■  Noses  "  fanlt  gradually 
curves  around  to  northeast  and  near  Mayfield  its  trend  is  neariy 
due  east.  Then  it  turns  to  the  northnortheast  again  and  extends 
up  the  Sacaodaga  valley.  Along  the  fault  scarp  in  this  r^onCfc 
high  cliff  and  steep  slopes  of  crystalline  rocks  are  presented  tc» 
the  eastward  and  southeastward  rising  high  above  the  plain  on 
which  Gloversville  and  Mayfield  are  located. 
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North  of  Mayfield  the  Trenton,  Birdseye,  Calciferons,  Potsdam  . 
ind  wystalliiM  rocks  are  brought  up  in  succession  by  the  south- 
nly  dip,  east  of  the  fault  and  the  wide  Iltica  slate  area  ends. 
In  this  vicdnity  it  was  found  tha,t  there  is  a  branch  fault  to  the 
Boathwurd  tram  the  main  dislocation,  and  a  parallel  fault  which 
ii  intaneoted  by  this  branch  fault.  Some  of  the  relations  are 
ihovii  in  plate  2.  The  amount  of  these  minor  faults  ia  not 
gr«t  lod  they  appear  to  affect  a  relatively  small  area.  The  out- 
CTOpB  npcai  which  my  Icnowledge  of  their  relationR  is  baaed  are 
not  as  nameroiu  u  oooM  be  dednd,  for  there  it  comklerable 
drift  orer  the  region.  The  oatoropi  obeerred  aad  the  ibraetiintl 
dedootaons  are  represented  in  the  mapuid  MoUoiuoiii  j»ge46k 
'  Tbera  ue  lome  indioatitnu  ia  the  topogntphy  that  the  miaor 
pmM  {anlt  extendi  aoroH  the  Saoandaga  and  op  the  dcpreHdon 
in  vhich-Hope  Falli  are  looated.  North  of  Northfleld  both  fiuUti 
■n  entirely  in  orystalline  rooks  aad  their  oqonei  were  aofc 
tpKatiij  shidied.  Two  miles  west  of  Northaeld  there  ii  a  imaU 
ant  of  OatciferooB  apparently  oomidetely  sorrooaded  by  oryitalp 
line  rooks  Mid  abutting  against  the  "NoMa"  firalt  on  its  west 
uda 

Fifteen  milcB  north  of  Northfleld,  at  Wells  village,  in  the 
Saoandaga  valley,  an  area  of  Paleozoic  rocks  was  found  lying 
sgaisst  a  fault  scarp  on  its  western  side,  and  possibly  faulted  on 
tbe  east  side  also.    Its  relations  A  shown  in  the  following 


The  Utica  and  Trenton  formations  are  characterized  by  an 
abundant  fauna.  The  Calciferous  and  Potsdam  formations  have 
their  usual  characteristics.  The  Utica  slate  and  Trenton  lime- 
stone are  exposed  very  near  the  crystalline  rocks  on  the  west 
side,  and  they  dip  gently  westward. 
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Fonda  Fault — The  small  uplift  east  of  Fonda  brings  uj> 
small  area  of  Trenton  limestone  in  the  Mohawk  valley,  malE&l 
in  the  north  bank,  where  the  formation  rises  thirty  or  forty 
above  the  river.  The  fault  plane  was  not  precisely  located 
were  any  attendant  phenomena  observed.  Its  I'elations  w^x 
shown  in  section  A,  plate  3,  and  on  plate  2.  The  upthrow  is  o 
the  western  side,  and  the  displacement  amounts  to  about  \.  S 
feet.  Heavy  drift  hides  its  northern  extension.  It  may 
through  the  Utica  slate  area  northward,  and  possibly  be 
tinuous  with  the  fault  at  May  field,  but  I  have  no  positi^v 
evidence  on  this  point. 

Tribes  Hill  Fault —  This  fault  is  not  of  great  prominence,  b^iJ 
the  limestone  beds  which  it  brings  up  have  been  extensiv^l 
quarried,  so  that  it  is  of  considerable  economic  importance, 
relations  of  the  fault  are  shown  in  section  A,  plate  S,  and 
plate  2.  The  exposures  are  quite  clear  in  the  vicinity  of 
river  and  for  some  distance  northward.  To  the  south  it  is  so<^ 
lost  in  the  drift  of  the  Schoharie  valley  or  the  adjacent  hills  ^ 
TJtica  slate  and  Hudson  river.  The  Utica  slate  is  exposed  in 
immediate  vicinity  of  the  fault  at  several  points  along  its  cou 
with  the  usual  narrow  zone  of  upturned  beds  varying  in  dip 
40°  to  60°,  which  die  out  gradually  to  the  eastward.  The  amoiB- 
of  the  displacement  on  the  Mohawk  river  is  about  200  feet, 
the  high  hills  about  Perth  the  fault  is  heavily  covered  by  dri 
and  its  northern  extension  could  not  be  traced.  It  appears  to  (^  - 
out  in  this  region. 

Broadalhin  Fault, —  This  fault  is  similar  to  the  uplifts  east  ^^ 
Ephratah  and  near  Dolgeville,  in  having  the  downthrow  on  tbt^ 
northwestern  bide.     Its  location  is  shown  in  plates  1  and  2.     I^ 
is  somewhat  north  of  section  B,  plate  3.     It  trends  east-north- 
east and  west-northwest,  passing  half  a  mile  north  of  Fonda's 
Bush,  and   apparently  it  soon   dies  out  to  the  east  and  west. 
Owing   to   heavy   drift  along   its   scarp    its   relations   are    for 
the  most  part  concealed.     In  the  creek,  a  half   mile   north  of 
Fonda's  Bush,  the  slate  is  seen  tilted  northeastward  or  obliquely 
away  from  the  fault  at  an  angle  of  40°.     The  amount  of  disloca- 
tion at  Fonda's  Bush   is  about   200  feet.     The   Calciferous   is 
exposed  on  the  hill  a  few  rods  to  the  southwest  of  the  village. 
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er  an  area  of  about  half  an  acre,  and  the  fault  scarp  is  dfs- 
tHy  traceable  in  the  toijography  for  a  short  distance  to  the 
■iheast.  The  Calciferous  appears  again  at  Steven's  mill,  and 
overlying  Birdseye  and  Trenton  limestones  are  exposed  in  a 
Try  a  few  rods  east,  and  again  at  the  next  bridge  above. 
7ofma?i'a  Ferry  Fault. —  This  is  the  easternraoat  of  the  faults 
the  Mohawk.  It  brings  up  the  CalcifeTOUs,  Birdseye  and 
nton  formations  over  a  wide  area  which  extends  up  the  river 
n-o  miles  above  Amsterdam.  The  prolongation  of  the  uplifted 
i  so  far  up  the  river  is  due  to  exceptionally  low  dips  and  a 
l)er  of  undulations, as  in  the  case  of  the  "  Noses"  fault  in  the 
njoharie  region.  Neither  the  eastern  front  of  the  u])lifted 
knor  the  cliffs  of  Calciferous  along  the  river  gorge  are  so 
ninent  as  at  the  "  Noses,"  or  about  Little  Falls,  but  they  are 
picuous  features.  A  series  of  gentle  archea  in  the  Calcifer- 
3  finely  exposed  along  the  railroad  and  canal  on  the  south 
of  the  river,  a  mile  below  Craneaville.  The  Calciferous  does 
extend  far  south  of  the  river,  but  is  capped  a  short  distance 
by  a  low  terrace  of  Trenton  limestone,  with  high  hills  of 
a  and  Hudson  river  slate  just  behind.  On  the  north  side  of 
valley  ihe  Calciferous  extends  up  the  dip  to  a  somewhat 
ter  altitude  than  on  the  south  side,  and  occupies  a  wider 
Behind  Amsterdam,  and  for  some  distance  east,  it  is  capped 
'renton  limestone  in  a  relatively  narrow  tongue,  which  slopes 
3ward.  Near  the  fault  there  is  an  outlier  of  Trenton  lime- 
3  bearing  a  low  mound  of  Utica  slate  of  small  ^tent.  To 
lorth  of  these  areas  the  Calciferous  is  bare  over  many  square 
s  in  a  wide  plateau  which  extends  to  the  Sacandaga.  The 
:  place  was  nut  observed,  but  its  course  is  clearly  marked. 
osses  the  river  just  above  the  mouth  of  the  little  creek  which 
ties  from  the  north,  a  few  hundred  yards  west  of  Hoffman's 
y.  This  creek,  flows  over  Utica  slates  which  here  dip 
)Ij'  away  from  the  fault.  A  mile  and  a  half  from  the  river 
'ault  scarp  is  exhibited  by  thick-bedded  Trenton  'limestone, 
a  email  showing  of  Calciferous  below.  In  a  short  distance 
ler  the  Trenton  area  ends,  and  the  Calciferous  gradually 
into  a  cliflf  which  is  sharply  elevated  above  the  Utica  slate 
try  eastward.  The  Calciferous  continues  for  the  next  ten 
1 
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miles  in  a  line  of  cliffs  and  steep  slopes  of  considerable  promi- 
nence.   At  a  point  about  eight  miles  from  the  river,  the  mono- 
clinal  dip,  aided  possibly  by  the  increased  amount  of  the  fault, 
brings  up  i'otsdam  sandstone.    This  formation  emerges  to  a 
thickness  of  lOo  feet  near  Gal  way,  but  the  fault  then  decreases 
somewhat  in  amount  and  extends  into  the  crystalline  area  east 
of  Gal  way,  where  it  becomes  obscure.     It  is  largely  marked  by  a 
heavy  drift  cover  in  this  vicinity,  and  its  relations  are  not  well 
known.     A  short  distance  south  of  Galway  the  fault  sends  off 
three  suicessivo   branches  to  the  northeast.    They  are  of  tie 
same  type  as  the  main  fault,  with  uplift  on  the  western  side,  and 
are  clearly  exhibited  in  the'  relations  of  two  wedges  of  Trenton 
limestone,  the  easternmost  of  which  rises  above,  the  Utica  slate 
to  the  east  along  the  scarp  of  the  first  fault.    These  relations 
are  shown  near  the  left-hand  end  of  section  B,  plate  3,  and  also 
on  plate  2,  in  both  cases  on  a  considerably  exaggerated  scale  in 
order  to  render  them  distinct.    These  faults  appear  to  finally  die 
out  to  the  northward,  but  there  is  much  obscurity  in  this  country 
due  to  heivy  drift  cover.    Just  south  of  East  Galwa}'^  there  is  » 
small  inclosed  area  of  crystalline  rocks  with  cliffs  of  Potsdam, 
sandstone  just  north,  which  is  probably  cut  off  by  a  continuation 
of  one  of  these  faults. 

Sarat(t(/a  Ftiult.s. — The  fact  was  long  ago  recognized  that  the 
springs  at  Saratoga  issue  along  a  line  of  dislocation  which  brings 
up  the  Oalciferous  to  a  moderate  altitude  above  the  plain  east- 
ward. The  Calciferous  occupies  a  considerable  area  about  Saratoga 
and  dips  beneath  the  Trenton  limestones  to  the  southward.  Tc 
the  northwest  the  dip  brings  up  the  Potsdam  sandstone  and 
crvstalline  rocks  in  succession,  but  to  the  northeast  those  are  cut 
otr  by  another  fault  along  which  the  (ilalciferous  abiits  against 
the  crvstalline  rocks.  P'arther  west  there  is  another  fault  oi 
smaller  amount  which  somewhat  otfsets  the  belts  of  the  severa 
formations. 

1  am  informed  by  Mr.  "Walcott  who  is  famili.tr  with  this  repior 
that  there  is  another  fault  in  the  western  part  of  the  village  o; 
Saratoga  whit'h  breaks  the  continuity  of  certain  Calciferoui 
members  for  some  distance,  and  Mr.  McCiee,  who  made  a  visit  tc 
the  region  some  years  ago,  states  that,  at  that  time,  there  was  evi 
dence  of  a  small  branch  fault  extending  from  the  Spring  fault  ai 
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•B  angle  of  60'^,  along  the  base  of  the  cliff  of  Calciferous  just 
noith  of  the  point  at  which  the  railroad  crosses  Broadway. 
The  following  three  sectioas  show  the  principal  relations  in  the 
region. 


I 

I 


The  fault  planes  are  not  exposed  eo  far  as  I  could  find,  bat  in 
ontcrops  in  their  immediate  vicinity  no  evidence  of  uptorning  of 
limestone  or  sandBtone  waa  observed.  East  of  the  Spring  fault 
the  country  is  covered  by  drift,  and  there  are  no  outcrops  of 
Utica  slate  nntil  in  the  vicinity  of  Saratoga  lake. 

The  faults  of  the  Saratoga  region  trend  approximately  north- 
east and  are  essentially  parallel.  Their  northern  extension  has 
Dot  been  fully  determined,  but  the  one  which  passes  west  and 
north  of  the  village  appears  to  follow  the  base  of  the  steep  front 
of  crystalline  rocks  which  crosses  the  Hudson  river  five  miles 
West  of  Glens  Falls  and  extends  to  Lake  George.  There  are  sev- 
eral exposures  in  this  belt  in  which  the  Calciferous  is  exposed 
abotting  against  the  crystalline  rocks,  although  the  precise  con- 
tact was  not  found.    It  may  be  an  overlap  along  a  steep  shore 
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line,  but  its  relations  and  the  known  presence  of  the  fault  south- 
ward strongly  suggest  a  long  dislocation.  To  the  southward  it 
gradually  dies  out  a  short  distance  southwest  of  Saratoga.  The 
easternmost,  or  Spring  fault,  appears  to  extend  southward  to 
Ballston,  if  the  continuation  of  the  line  of  springs  is  an  evidence 
of  its  existence,  which  is  probable.  It  is  entirely  in  Utica  slate 
south  of  the  Kissingen  spring  of  Saratoga,  for  at  that  point  the 
Trenton  limestone  on  the  west  side  of  the  fault  dips  beneath  the 
Utica  slate.  The  westernmost  fault  in  the  Saratoga  region  is 
prominent  for  about  three  miles,  as  shown  in  the  sections  in 
figure  10.  It  extends  into  the  crystalline  rocks  northward  and 
into  the  Utica  slate  area  southward,  but  these  extensions  were 
not  followed. 

Lake  Oeorge  Fault. —  The  middle  fault  of  the  Saratoga  region, 
as  stated  above,  appears  to  extend  to  Lake  George  and  along  its 
eastern  shore  For  many  miles  its  prominent  scarp  of  crystalline 
rocks  rises  abruptly  from  the  great  sand  plain  eastward.  For 
some  distance  south  of  Lake  George  the  dislocation  is  entirely  in 
crystalline  rocks,  but  at  the  south  end  of  the  lake  a  small  area  of 
Calciferous  is  seen,  and  farther  up  the  lake  at  Hill  View  and  Bol- 
ton there  are  other  small  outliers  of  sedimentary  rocks.  The 
lower  part  of  the  lake  basin  appears  to  be  excavated  in  the  Cal- 
ciferous, for  several  outliers  along  .its  sides  and  others  constitut- 
ing the  southern  islands  indicate  an  extensive  area  of  this  forma- 
tion. There  is  a  long  strip  of  Calciferous  on  the  east  side  of 
French  mountain,  probably  cut  off  on  the  east  by  a  fault  which 
continues  along  the  east  shore  of  Lake  George  from  Kattskill 
bay.  At  a  point  two  miles  south  of  the  East  bay  a  small  area 
of  Trenton  limestone  also  abuts  against  this  fault.  The  follow- 
■  ing  section  is  intended  to  show  the  relations  in  this  region. 
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FiornE  11.—  Section  from  the  south  end  of  Lake  (*eorpfe,  eastward  thmujch  French  Mountain,  looking 
north,     r.  Trenton  llnie.Htone.    C.  Calclferou.s.    -I.  Cry.-^talline  rooks.    F.  French  Mountain. 


lloUand  Patent. —  There  is  a  small  fault  exposed  east  of  Hoi 
land  Patent,  which  extends  to  a  short  distance  west  of  Trenton. 
The  amount  of  displacement  is  not  over  sixty  feet  at  greatest, 
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and  the  fault  brings  the  middle  beds  of  the  Trenton  limestone 
a^iainst  the  Utica  slates,  probably  not  far  from  their  base.  The 
relations  are  shown  in  the  following  figure : 
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NOTE 

Field  Notes  on  the  Geology  of  the  Mohawk  VaUeyy  with  a  Map- 

(From  the  Annual  Report  of  the  State  Oeol<%l8t  for  1885,  pp.  8-10.) 

At  Little  Falls  there  are  two  parallel  faults  extending  45^ 
east  of  north.  One  of  these  intersects  the  village  and  crosses^ 
the  New  York  Central  railroad  at  the  high  stone  wall  built  ^ 
up  from  the  rfver  at  the  low  er  end  of  the  village.  The  same  ^ 
fault  crosses  the  West  Shore  railroad  just  above  the  deep  cut  * 
through  the  Labradorite,  and  this  point  is  also  occupied  by  an 
extensive  filling  and  stone  wall  built  up  from  the  river  level.* 

The  second  fault  forms  the  eastern  termination  of  the  escarp- 
naent  of  gneiss  and  Calciferous  below  the  village  and  is  a  mono- 
clinal. 

Another  monoclinal  fault  crosses  the  valley  of  the  Moha.wk 
river  above  the  mouth  of  East  Canada  creek  and  brings  up  the 
Trenton  limestone  dipping  to  the  west. 

An  anticlinal  fault  occurs  just  above  Fort  Plain.  The  Calcif- 
erous dips  to  the  west,  and  across  the  line  at  Fort  Plain  the  Birds- 
eye  limestone  is  found  dipping  to  the  southeast.  Just  below  the 
bridge  at  the  last-mentioned  locality  is  an  exposure  of  Birdseye 
limestone,  which  preserves  the  remains  of  former  pot-holes  at  a 
level  of  ten  feet  above  the  river,  showing  that  at  one  time  there 
was  a  natural  dam  and  fall  at  this  p  )int. 

From  Fort  Plain  to  the  "  Little  Nose  "  the  strata  lie  in  a  broad 
synclinal  with  Canajoharie  situated  nearly  in  the  center. 

Sections  of  the  strata  at  Canajoharie  and  Spraker's  Basin  are 
presented  and  make  an  interesting  comparison. 

Section  along  creek  entering  the  Mohawk  river  at  Canajo- 
harie, N.  Y. 


At  Canajoharie  the  Calciferous  is  comparatively  thin,  bringing 
up  underlying  beds  of  limestone  as  shown  in  this  section.  Upon 
the  undulating  and  worn  surface  of  the  Calciferous  there  is  a 
very  thin  bed  (1-3)  of  Trenton  limestone  without  any  intervening 

•The  significance  of  the  artificial  structure  mentioned  may  not  be  apparent  at  first  sljcht.  A  Une- 
of  fault  Is  a  line  of  weakness.  The  rocks  along  such  Hues  are  usually  much  broken  and  eroded  ;  and 
the  place  of  many  faults  In  New  York  Is  lndl«*ated  by  lines  of  swamps,  lake  beds  and  river  valleys. 
At  Little  Falls  the  strata  are  nearly  everywhere  exposed,  and  only  along  the  Hue  of  this  fault  has  It 
been  necessary  to  fill  In  extensively  and  build  secure  foundations  for  the  roadbeds. 
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formations.  The  limestone  is  followed  by  the  Utica  slate,  which 
is  well  developed. 

At  Spraker's  Basin  the  Calciferous  is  quite  extensive,  forming 
the  major  part  of  the  section,  and  is  followed  by  a  thin  bed  of 
limestone,  which  represents  the  Chazy  limestone.  Following  this 
is  the  Trenton  limestone,  reaching  a  thickness  of  from  ten  to  fif- 
teen feet. 

Section  along  creek  entering  the  Mohawk  river  at  Spraker's 
Basin,  N.  Y. 


Between  Spraker's  Basin  and  Randall  there  is  a  very  marked 
anticlinal  fault,  bringing  up  the  gneiss  in  the  bed  of  the  river  and 
giving  origin  to  the  "  Noses."  On  the  east  side  of  the  fault  the 
gneiss  is  found  more  than  150  feet  above  the  river,  rising  as  high 
as  the  Calciferous  does  on  the  opposite  side  of  the  fault  line. 

Near  the  eastern  line  of  this  fault  there  is  a  cutting  on  the 
West  Shore  railroad,  at  a  point  known  as  the  ''  Little  Kose,^' 
through  the  gneiss  and  Calciferous,  showing  the  line  of  junction 
between  these  formations.  This  absolute  line  of  junction  is  very 
interesting,  geologically,  on  account  of  the  great  rarity  of  sucn 
exposures. 

The  interval  from  the  gneiss  to  the  Calciferous  represents  the 
Huronian,  Primordial  and  Potsdam,  and  is,  comparatively  speak- 
ing, one  of  great  duration.  These  formations,  represented  else- 
where by  many  thousand  feet  of  sediments,  are  here  represented 
by  from  a  few  inches  to  several  feet  of  breccia  and  loose  chloritic 
and  ferruginous  material 

The  material  occupying  this  interval  is  derived  from  the 
decomp'isition  of  the  gneiss  and  from  some  slight  sedimentation, 
and  contains  a  small  per  cent,  of  gold  and  silver,  and  is  the  lirst 
authenticated  discovery  of  these  minerals  in  the  Mohawk  valley. 
The  amount  of  the  metals  is  much  too  small  to  be  of  any  particu- 
lar importiince,  but  their  occurrence  is  an  interesting  geological 
fact. 

Following  this  loose  material  is  a  bed  of  breccia  of  variable 
thickness  carrying  fragments  of  crystalline  limestone  and  Pots- 
dam sandstone. 
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The  details  of  the  janction  of  the  gneiss  and  Calciferoos  are 
given  in  the  following  section : 

Section  in  cut  of  West  Shore  railroad,  at  the  "  Little  Nose," 
Randall,  Montgomery  county,  N.  t . 


^^■^ 


The  Calciferous  sandstone  at  the  "  Little  Nose  "  has  a  consider- 
able  tbickoess  and  carries  some  small  beds  of  bornstone,  and 
contains  many  cavities,  lined  with  quartz  crystals  similar  to  those 
of  Little  Falls,  but  not  in  such  abundance  or  perfection.  Some 
of  the  crevices  in  the  rock  have  been  filled  with  lime,  by  infiltra- 
tion, forming  a  calcareous  tufa,  and  contain  many  bones  of  small 
animals  and  the  shells  of  recent  species  of  Helix. 

From  the  "Noses"  to  the  escarpment  crossing  the  Mohawk 
above  Hoffman's  Ferry  the  rocks  he  in  a  broad  synclinal,  with- 
some  minor  folds.  This  synclinal  includes,  al  -ng  the  river,  the 
Calciferous  sandstone,  Trenton  limestone  and  Utica  slate  It  is 
terminated  at  Hoifman's  Ferry  by  a  line  of  fault  parallel  to  the 
other  faults  here  described. 

Further  details  of  the  occurrence  and  distribution  of  the  rock 
formations  are  given  in  the  map  accompanying  this  report,  which 
records  tlie  observations  made  during  the  past  season,  no  attempt 
having  been  made  to  incorporate  it  with  the  published  geological 
maps  of  this  region. 
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STRUCTURAL  AND  ECONOMIC  GEOLOGY  OF 
SENECA  COUNTY 


JAMES  HALL,    _  |  D.  F.  LINCOLN,  M.  D., 

1895 


REPORT. 


State  Geologist : 

Sis. —  In  accordance  with  the  request  which  you  addressed  to 

last  July,  I  have  prepared  an  account  of  the  Geology  of 

county,  from  both  a  scientific  and  economic  point  of  view. 

I  now  have  the  honor  to  present. 

In  treating  of  geological  matters  proper,  I  have  given  much 

ition  to  topography  and  drift  phenomena.    In  studying  the 

do  rocks,  the  determination  of  boundaries  of  formations 

been  the  principal  object.    Economic  resources  are  spoken 

nnder  the  heads  of   Quarries,  Olay  industries;  Gas  wells, 

'ater-power,  etc. 

A  geological  map  is  added,  and  original  photographs,  sketches 
id  sections  are  employed  in  illustration. 

I  desire  to  tender  thanks  to  the  Hon.  A.  M.  Patterson,  Hon. 
),  H.  Evans,  Hon.  Diedrich  Willers,  Messrs.  King  and  Robinson, 
Lrrison,  Chamberlain  and  others,  who  have  rendered  essential 
liurvice  to  my  work. 

I  remain,  very  respectfully. 

Your  obedient  servant, 

D.  F.  LINCOLN. 
Geneva,  N.  Y.,  November  12,  1895. 


i 


GEOLOGICAL  SURVEY  OF  THE;  STATE  OF  NEW  YC 
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Report  on  the  Structural  and  Economic  Geol 

•    of  Seneca  County. 


By  D.  F.  LINCOLN,  M.  D. 


Contents : 


Introductory,    Surface  Geology. —  Topography  of  plateau,  hills,  n 
alluinal  belt,  drumlin  belt,  sand  ridges,  kame  district,  delta  terraces, 
Jilled  channels,  till,  glacial  striation,  springs,  Seneca  lake.     Stratioi 
Oeolooy. —  Salina  group.     Lower  Helderberg  group.     Oriskany  san 
Marcellus  shales.      Hamilton  shales.      Tally   limestone.      Genesee 
Portage  group.    Thickness  and  dip.    Economic  Geology. — Clay,  bricl 
limestone,  sandstone^ plaster  rock,  road  metal,  gas  wells,  water  powrr. 

The  county  of  Seneca,  selected  for  the  present  report,  is  ft 
representative  of  central  New  York  in  point  of  geological  d( 
opment  and  in  respect  to  its  economic  resources. 

Geologically,  it  presents  the  upper  number  of  the  Silui 
formations,  with  the  lower,  middle  and  part  of  the  upper  Di 
nian.    The  formations  exposed  are  the  following: 

Devonian,  upper:  Portage  sandstone  and  shale;  Gene 
shale. 

Devonian,  middle:  Tully  limestone;  Hamilton  shale  i 
limestone ;  Marcellus  shale. 

Devonian,  lower :     Upper  Helderberg  limestone. 

bilurian:    Water  lime;  Salina. 

Map  of  the  County. 

The  map  here  given  is  reproduced  from  a  wall  map  of  Sec 
and  Cayuga  counties,  published  in  1859  by  A.  R.  Z.  Dawi 
Philadelphia. 

In  the  copy,  roads  are  denoted  by  single  lines.  Except  in 
northern  part  of  the  county,  they  are  introduced,  sparingly, 
the  purpose  of  marking  geological  points.     Hamlets  are  mar 
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with  a  doubled  cross.  Dotted  lines  are  used  to  outline  two  of 
the  swampy  districts,  and  the  kame  district.  The  direction  of  the 
meridian  is  given  by  the  western  boundary  of  Junius.  Quarries, 
with  slight  exceptions,  belong  either  to  the  Upper  Helderberg  or 
the  Portage ;  they  are  marked  with  a  cross.  Special  marks  are 
used  for  other  outcrops  of  the  Lower  Helderberg,  Marcellus,  base 
of  Hamilton  (H),  Tully,  Genesee,  and  Portage;  those  for  the 
Marcellus  and  Genesee  shales  being  parallel  lines,  those  for  flag- 
stones being  oblong  figures  Dotted  lines  mark  supposed  bound- 
aries of  formations.  The  outlines  of  the  Upper  Helderberg, 
in  western  Waterloo,  are  hypothetical,  being  drawn  straight 
in  the  direction  of  the  marsh  exposures  in  Phelps.  Many  streams 
are  omitted;  cataracts  are  not  marked. 

The  Portage,  Lower  Helderberg  and  Salina  groups  do  not  dis- 
play their  whole  thickness  in  Seneca  county.  The  fauna  of  the 
former  is  intermediate  between  that  of  Ithaca  and  that  of  the 
Grenesee  region,  but  is  essentially  a  part  of  the  former. 

Glacial  geology  is  well  represented  by  drumlins,  sheet  till^ 
striations,  eskers,  kames,  delta-terraces,  and  large  deposits  of  clay 
and  sand. 

The  economic  resources  comprise  building  stone  (limestone^ 
flags),  cement  rock,  rock  for  the  lime-kiln,  gypsum,  gravel  and 
sand,  road  material,  clay  for  making  brick  and  tile,  gas  wells, 
water-power,  mineral  springs,  swamp  deposits. 

The  section  of  Seneca  county  (fig.  30)  illustrates  (1)  the 
changes  in  angle  of  dip ;  (2)  position  of  Seneca  lake,  beginning 
at  the  outlet;  (3)  the  inferential  position  of  strata  at  a  distance 
below  the  lake  bottom,  assuming  that  the  Hamilton  formation 
remains  of  uniform  thickness. 

Topography  of  the  Plateau. 

The  land  surface  of  Seneca  county  comprises  somewhat  over 
800  square  miles ;  the  length  from  north  to  south  is  32  miles,  the 
breadth  from  7  to  14.  On  the  north  and  south  the  boundaries 
are  artificial ;  on  the  east  and  west  thf  y  are  formed  by  Cayuga 
and  Seneca  lakes  with  their  northward  extensions. 

Seneca  county  does  not  compose  a  geographical  unit,  but 
embraces  parts  of  the  New  York  plateau  and  of  the  low  plain 
which  stretches  to  Lake  Ontario.  The  passage  from  one  to  the 
other  of  these  two  geographical  features  is  at  this  point  exceed- 


K 


62  Repobt  of  the  State  Geologist. 

ingly  gradual.  Farther  eastward  they  are  sharply  demarcated  by  i 
the  Helderberg  escarpment,  of  which  the  western  extremity  may: 
be  conceived  as  reaching  to  Union  Springs,  Cayuga  county.  Iii 
Seneca  county  the  change  occurs  by  a  slow  and  equal  rise  of^ 
about  400  feet  along  14  miles  of  nearly  plain  country  between 
Seneca  Falls  and  Ovid.  The  first  great  rise  occurs  at  Ovid  vil- 
lage, where  the  Portage  rock  forms  an  escarpment  of  160  feet> 
without  cliffs,  but  sloping  steeply  to  the  north  and  west. 

The  country  may  also  be  considered  as  a  section  of  the  Finger- 
lake  region  (fig.  1).  This  name  is  applied  to  that  portion  of  the 
plateau  which  extends  from  Lake  Conesus  on  the  west  to  Lakel\ 
Otisco  on  the  east,  and  is  bounded  southward  by  the  divide  ■  h- 
between  the  St.  Lawrence  and  the  Susquehanna  watershediifl /[ 
The  divide  is  marked  more  or  less  continuously  by  masses  of 
moraine  material,  filling  the  valleys  in  places  to  the  depth  of 
many  hundreds  of  feet,  but  becoming  inconspicuous  on  higher 
ground.  The  moraine,  as  a  whole,  has  been  considered  by  some 
as  corresponding  to  a  "  second  glacial  period." 

The  region  thus  indicated  is  deeply  cut  by  a  series  of  ancient 
(pre-glacial)  river- valleys,  roughly  parallel  and  converging  to 
some  northern  point.  Seneca  county  lies  between  the  deepest  of 
these,  Seneca  and  Cayuga  lakes.  It  occupies  the  middle  or 
axial  part  of  the  Finger-lake  region,  which  is  also  the  lowest. 
Its  outlines  appear  to  indicate  great  erosion  during  the  Ice  Age, 
with  general  ilattening,  which  has  probably  removed  all  distinc- 
tions of  relief  and  depression  north  of  the  outcrop  of  the  Cor- 
niferous  limestone,  though  a  few  hills  remain,  greatly  Hattened, 
on  the  south. 

The  mean  depth  of  Seneca  lake  valley,  measured  from,  the 
Lodi  plateau,  is  1,(^00  feet,  of  which  one-half  is  below  the  water 
of  the  lake. 

The  distinction  between  plateau  and  valley  is  striking  when 
one  stands  on  high  ground.  From  the  surface  of  the  lakes  the 
valley  alone  is  visible ;  this  is  especially  true  of  Seneca  lake. 

Hills. 

The  trough-like  appearance  of  the  lake-valleys  of  this  region 
has  often  been  remarked.  They  appear  destitute  of  side-hills; 
or  rather  this  feature  does  not  come  in  sight  except  by  close 
study. 


1.   Map  of  the  Finger-lak*  Begion,  the  dotted  line  ahowing  the 
water-ehed. 
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8uoh  hilb  aa  exist  soaroely  rise  more  than  100  feet  above  the 
leT^  country  anywhere  in  this  county,  and  their  forms  are  so 
flattened  that  they  make  little  impression  on  the  eye.  There  is 
an  exception  to  tiiis  at  the  southern  border  of  the  county,  where 
the  topography  changes;  great  flat  hills  rise  several  hundred  feet 
above  the  table  land,  with  flue  valleys,  leading  south  to  a  series  of 
interlacing  vaJleys,  which  characterize  the  country  back  of  Burdett^ 
and  aje  repeated  east  and  west  beyond  the  lakes,  adding  greatly 
to  the  picturesque  beauty  of  Schuyler  and  Tompkins  counties. 


VteUBSS. 


The  sketch  (fig.  S)  represents  the  east  side  of  Seneca  lake, 
southern  half.  It  was  taken  from  a  high  point  above  Watkins 
village.  The  apparent  point  of  land  on  the  left  is  formed  by  the 
descent  of  Lodi  and  Ovid  townships  to  the  lake.  Three  or  four 
long  hills,  from  400  to  600  feet  high,  are  seen  occupying  the 
plateau ;  their  valleys  are  high  above  Seneca  lake,  and  do  not 
communicate  with  it  as  valleys,  but  send  their  streams  down  the 
steep  lakeside  in  thread-like  gorges,  too  small  to  be  drawn  here. 
The  hill  farthest  to  the  left  projects  (as  just  stated)  into  Seneca 
county  under  the  name  of  Prospect,  formerly  Butcher's,  Hill. 

Collectively,  these  large  hills  indicate  a  second  lift  in  the  level 
of  the  plateau.  The  formation  continues  to  be  Portage.  The 
flatness  of  their  summits  is  characteristic.  Prospect  Hill  com- 
prise* about  one-third  of  a  mile  of  ascent  on  each  side  (E-W), 
with  half  a  mile  of  almost  dead  level  on  top,  the  outlines  being, 
essentially  formed  of  rock.  The  hill  is  a  type  of  the  southern 
half  of  the  county,  which  is  like  a  house-roof,  flat  over  the  top  and 
pitching  rapidly  toward  the  eaves.  The  lakeward  slopes  each 
way  occupy  two  miles  or  less  of  the  breadth  of  the  county. 
They  are  in  many  places  subdivided  into  several  terraces  or  steps, 
each  with  a  nearly  perfect  level  surmounting  a  short  rise. 
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The  smaller  hills,  lying  south  of  the  ^  Outlet "  O^ei^^ca  rher]^ 
deserve  attention,  as  representing  an  extreme  degree  of  glaiSiil^ 
action.    As  a  rule,  they  are  not  of  drift,  but  of  the  country  ro^  ; 
those  of  the  Oanoga  region  being  probably  an  exception.    A 
number  are  composed  of  MarceUos  shale,  e.  g.,  the  one  on  which 
the  Swan  farm  stands,  near  the  outlet  of  Seneca  lake,  which  is 
'  rather  steep  northward,  with  a  thin  coatingof  till,  while  soutiiward  j 
it  has  buta  slight  descent,  emerging  into  a  tract  with  heavier  drift 
There  are  several  hills  of  Marcellus  shale  to  the  eastward,  with 
a  tendency  to  the  ridge  form,  blufiF  northward,  and  mei^ng  into 
levels  southward ;  they  are  hardly  continuous  enough  to  be  callod 
an  escarpment,  though  occupying  an  alignment  along  the  north- 
ern limit  of  the  formation.    They  project  much  more  piH>minently 
than  the  Corniferous  limestone   exposures,  which   lie  to  tb® 
northward. 

Marcellus  shale,  capped  with  basal  Hamilton  limestone,  forotBB 
the  elevated  mass  (200  feet  above  the  lake)  two  miles  south  ^>* 
the  Swan  hill.    It  is  steep  northward,  with  a  long  fall  of  19^ 
feet  to  the  south.    Both  of  these  hills  form  on  the  west  broa^' 
low  slopes  of  rock  running  to  Seneca  lake,  where  they  are  cc^^ 
off  in  cliffs. 

A  large  hill  of  Hamilton  shale  lies  southeast  of  the  latter  hiL^^ 
near  MacDougal's.    its  base  is  about  170  feet  above  the  lake. 

East  of  these  three  hills  the  flat  valley  of  Kendig's  creek  is  ai^^ 
obvious  feature,  bounded  on  the  east  by  continuous  table  lan^  ^ 
chiefly    rock.    The    table    rises    into    several    hills,   peculiarlji^ 
grouped,  on  the  west  of  Bear \  town  (Fayette)  village,  composec^ 
in  part  of  moraine  (?). 

The  very  large  and  striking  hill  of  Hamilton  shale  which  rise^ 
at  the  side  of  Cayuga  lake,  northeast  of  Hayt's  Corners,  belong* 
in  the  present  category  ;  there  are  also  a  few  slight  ridges'in  the 
'  central  table  land,  but  nothing  more  of  special  note  north  of  the 
outcrop  of  TuUy  limestone. 

As  before  hinted,  these  hills,  with  Kendig's  valley,  appear  to 
form  the  remains  of  a  topography  which  may  have  existed  in  a 
much  bolder  form  previous  to  the  Ice-Age.  Their  distribution  is 
not  inconsistent  with  a  drainage  topography. 

The  forms  are  all  so  flattened  and  the  breadth  so  great  as  to 
make  photographic  representation  difficult.     Seen  as  a  whole. 
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Let  figure  3  represent  the  neighborhood  of  the  northfln. 
of  Seneca  lake.    G  —  Geneva  village.    On  the  west  the 
filled  with  drift,  found  by  borings  to  be  213  feet  deep; 
the  east  the  floor  of  the  lake  is  here  mostly  rook.    O 
and  B,  on  a  still  day,  one  may  see  the  flat  surfaces  of  si 
geometric  joints,  under  the  water,  at  350  feet  froin 
water  being  there  three  and  five  feet  deep  in  the  present  lo* 
dition  of  the  lake  (October,  1895).    The  rock  bluffs  are  80  i...^^.. 
feet  high,  respectively,  indicating  a  slope  of  1:16  and  1:10  prioi^| 
the  modern  lake  erosion  which  gave  rise  to  the  cliffs. 

The  summits  of  A  and  B  are  elongated  north  and  soatli'. 
Their  lower  bulks  of  rock  run  down  into  the  lake,  with  azei; 
more  E-W,  which  is  a  normal  attitude  of  side  hills  toward  th»^ 
main  valley,  i.  e.,  the  lake  bed.    The  supposed  ancient  valleys  of 
side  streams  tributary  to  the  river  occupying  the  lake  bed  an 
indicated  by  "  Drift,"  between  A-B  and  B-C.    One  still  carM 
a  stream ;  the  other  does  not.    The  drift  is  of  moderate  thick" 
ness,  probably  a  couple  of  feet,  on  the  lifts  of  rock,  and  exceed- 
ing 30  feet  in  places  in  the  sags. 

This  case  is  not  isolated,  but  presents  the  key  to  the  excessively 
flattened  lakeside  to])ography.  All  along  the  lake  the  rock  alte^ 
nately  forms  low  lifts  and  depressions  of  a  mile  or  two  in  length, 
rising  from  5  to  (>0  feet  and  more,  and  sinking  correspondingly 
beneath  the  lake.  The  dip  beneath  may  ec^iial  the  rise  above  the 
lake,  northerly;  but  from  Willard,  south,  the  only  important  dip 
is  at  Lanioreaux,  the  rest  being  a  wall  of  cliff. 

There  are  no  bends,  synclinal  or  anticlinal,  of  sufficient  importr 
ance  to  account  for  these  hills.  Farther  to  the  south  there  is  a 
slight  anticlinal  of  15  feet  in  the  heavy  green  shale  of  the  "hog 
back"  in  the  eastern  part  of  the  Willard  Hospital  property,  west 
of  Ovid.  This  ridge  runs  E-W,  and  is  divided  by  a  30-f  ot  cat 
through  which  the  Lehigh  Valley  road  passes. 

Other  E-^V  hills  occur  west  of  r>earvtown.  In  this  curioiu 
group  the  eastern  half  consists  mainly  of  shale.  There  is  1 
very  good  exposure  of  the  basal  Hamilton  limestones  in  th( 
creek  which  bisects  the  group;  and  roadside  exposure  of  shall 
(with  glacial  stria^)  farther  west,  on  the  N-S  ridge.  Th< 
three-branched  cluster  has  the  aspect  of  being  composed  of  drift 
and  its   S-ll   ])rolongation   to  and    across  the  brook  stronglj 
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I  nminds  one  of  a  monine  ridge :  tiie  material  where  exposed 

At  Ond  Tillage  there  are  Beveral  drift  hills,  taldiig  more  or  leiB 
the  form  of  ridges  (not  N-S).  Some  six  or  Beven  miles  8.  £.  d 
die  TiUag^  tdiere  are  a  number  of  till  ridges  ronning  approxi- 
nitdy  N.  W. — S.  E.;  with  a  general  exoess  of  drift  material 
■long  the  eastward  slope  of  the  ooantry. 

Ravines. 

The  most  striking  and  beaatifal  uataral  featarea  of  this  region 

>n  the  ravines,  formed  by  the  rapid  descent  of  a  great  nnipber 

I  U  ihwt  streams  to  the  lakes  on  each  side.    They  are,'  of  oonrse, 

I  <i  post-f^^aoial  origin,  and  the  oomparatiTe  shortness  of  their ' 

I  eiigtenoe  is  seen  in  the  retention  of  vertioal  sides,  in  the  shidea 

tqtially  with  the  sandstones.    The  joints  traverse  all  the  forma- 

.    'Baas  alike,  from  the  Oomiferons  limestone  upward ;  being,  for 

tte  two  main  directions,  N.  S0°-30°  W.,  and  K.  TS^-SS"  E.^  and 

I  mAj  vertioal ;  these  joint  planes  often  delimit  the  entire  wall 

of  a  gleo,  aided  by  minor  and  less  constant  ones.    Their  effect 

[  upon  the  rock  scenery  is  shown  in  the  views  of  Tanghannook  and 

!   lodi  glens,  and  Ein^^s  Ferry  cliff.    (Figs.  4,  5,  6.) 

The  height  of  the  unbroken  fall  of  water  at  Taughannock  is 
ffven  at  215  feet.  Until  recently  it  fell  over  a  straight  edge  of 
nek,  but  this  has  been  broken  in  the  manner  shown  in  the  view. 
There  is  a  considerable  and  picturesque  fall  just  above  the  main 
one,  but  concealed  from  sight.  'J  his,  being  the  highest  fall  of 
"aler  in  the  State  (Niagara  —  165  feot),  should  not  pass  unmen- 
tioned,  although  it  lies  a  mile  or  two  outside  of  the  boundaries  of 
Seneca  county. 

A  still  more  remarkable  effect  is  produced  where  the  stream 
falls  over  the  TuUy  limestone,  with  a  good  thickness  of  Hamilton 
ikale  beneith.  In  such  cases  the  stream  is  often  hardly  more 
than  a  sloping  ditch  in  the  field  above,  and  would  attract  no 
attention;  it  has  been  unable  to  excavate  the  limestone.  Its  fall 
iBtnost  unexpected;  the  limestone  is  broken  into  a  square  face, 
jnttingcorniee-likeoveradeep  jug-like  chasm  hollowed  inthe  shale 
beneath.  This  is  repeated  in  many  streams  on  tbe  Cayuga  lake 
side  of  the  county.  The  type  for  the  Portage  formation  is  a  high 
Vertical  wall,  as  at  Taugbannock,  with  a  small  ravine  above 
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The  basal  limestone  of  the  Hamilton  is  marked  by  a  high  fall 
40  feet)  at  Big  Hollow  creek  and  several  smaller  ones  elsewhere. 

The  photographs  were  taken  during  the  dry  season  of  1895, 
and  for  that  reason  fail  to  give  a  just  impression  of  the  beauty 
which  many  of  the  glens  display  at  other  times. 

The  view  of  the  rock  wall  (Portage  shale  and  sSriidstone)  at 
Lodi  (fig.  5)  was  taken  from  the  top  of  the^^opposite  wall,  looking 
south.  It  includes  a  great  part  of  the  height  or  near  150  feet 
The  fissures  of  the  joints  may  be  seen  traversing  equally  the 
upper  (Portage)  and  the  lower  (Genesee)  rock.  The  front  of  the 
waterfall,  which  is  not  given  here,  is  so  divided  into  blocks  and 
steps  that  when  dry  it  can  be  ascended^to  the  top.  The  change 
in  tint  from  light  to  dark  at  a  certain  distance  from  the  top  indi- 
cates the  occurrence  of  shales  resembling  the  Genesee  in  the 
lower  Portage. 

The  clifl"  at  King's  Ferry  (fig.  6),  though  outside  of  the  county, 
represents  more  perfectly  than  any  other  view  known  to  me  the 
vertical  cleavage  of  the  Hamilton  shale.  The  surfaces  are  not 
weathered,  but  are  fresh  exposures  made  by  widening  the  road- 
bed of  the  railway.  With  these  should  be  compared  the  view  of 
the  Portage  shales  near  North  Hector  (fig.  7),  which  show  long 
weathering. 

Alluvial  Belt. 

The  preceding  descriptions  apply  only  to  the  southern  half  of 
♦the  county,  including  the  township  of  Yarick.  The  Cornif- 
erous  tract  presents  no  ravine  scenery ;  the  Salina  only  in 
the  lower  part  of  Seneca  river  and  a  little  of  Black  Brook. 
In  the  north  these  districts  are  covered  with  drumlins,  while 
AVaterloo,  Seneca  Falls  and  Fayette  are  chiefly  an  alluvial  plain, 
covered  with  clay,  sand  and  swamp. 

The  clav  belt  is  two  miles  wide  at  East  Geneva  at  the  foot 
of  the  lake,  increasing  to  twice  that  width  as  it  goes  eastward. 
Seneca  river  runs  oblicjuely  through  it.  Where  exposed  by  sec- 
tions tlie  clay  does  not  seem  to  exceed  lu  or  12  feet  in  depth,  and 
is  often  much  less. 

Sand  is  found  interstratilied  between  upper  and  lower  beds  of 
clav  at  Waterloo  and  near  Geneva.  It  bounds  the  clav  on  the 
north,  covering  a  great  part  of  Waterloo,  except  such  tracts  as 
are  swampy.     ^lear  its  southern  limit  it  may  often  be  observed 
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gest  that  they  belong  rather  to  the  esker  dBsa.    The| 
at  McG^'s  Oomers  rans  north  over  a  low  ridge  of  tl 
wide  enough  at  top  for  a  road,  and  very  gradaally  ini 
height  to  about  80  feet,  when  it  descends  suddenly, 
the  Oomers  it  runs  another  mile.    This  ridge  app< 
till,  however. 

Fig.  8  shows  the  north  end  of  a  ridge,  rising  di 
a  clay  plain,  and  displaying  correctly  the  steep  angle 
sides  often  take.  Fig.  9  is  not  over  16  or  20  feet  above 
Fig.  10  gives  "Whisky  Hill"  (a  title  now  inapplical 
mined  tavern  and  well  kept  schoolhouse.  The  ridge 
distinguish  from  the  rest  of  the  landscape,  but  foi 
across  the  picture ;  a  slope  at  the  left  (north)  and  rigbf 
noticed. 
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FMniu  11.—  Drumlln  or  ridge  seen  from  Kame,  In  nortli-wett  corner  of  Junluf .    Lei 
line  of  ilghtk  north-east. 

The  absence  of  druralins  south  of  the  southern  boun 
Junius  and  Tyre  requires  an  explanation,  which  I  have 
oflfer.  Westward,  across  Seneca  lake,  they  push  into  an« 
the  south  of  Geneva.  Eastward,  they  run  along  Cayuga 
Seneca  county,  until  opposite  Cayuga  village,  where  agar 
,  are  many  east  of  the  lake,  on  the  road  to  Auburn     The 

that  the  drumlin  belt  is  the  remains  of  a  moraine  does  nc 

« 

to  coincide  with  this  geographical  distribution,  for  a  i 
ought  to  have  pushed  farther  south,  along  this  meridian 
levels,  by  probably  20  miles,  and  should  have  left  plain 
in  Yarick  and  Romulus. 

The  southernmost  drumlins  in  the  county  are  these: 
large  size  two  miles  N.  E.  of  Seneca  Falls  village,  north 
canal  bridge,  and  another  of  less  height,  south  of  the 
three-fifths  of  a  mile  long  and  30  feet  or  less  in  heigi 
which  the  road  to  Bridgeport  rufls. 

The  prolonged  valley  of  Cayuga  lake  runs  as  mars 
northward  between  walls  of  drumlins  on  either  side. 
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Dhe  map  of  the  dnnnliBS  here  given  (fig.  19),  is  a  reprodnc- 
a  from  a  map  of  Seneca  county,  made  in  1852,  by  William  T. 
bson,  surveyor,  known  by  repute  as  a  careful,  painstaking  and 
curate  man.  So  far  as  I  have  been  able  to  compare  his  work 
ith  observations  of  my  own,  it  is  correct ;  and  as  a  whole  it 
otainly  gives  a  clear  and  faithful  idea  of  the  singular  topog- 
iphy  of  the  country.  The  meridian  line  crosses  the  ridges  at  a 
nail  angle.  It  is  not  asserted  that  all  these  hills  are  of  tilL 
)f  many  that  have  been  inspected,  one  has  been  found  to  consist 
dI  sand  and  gravel  along  its  southern  half,  as  indicated.  The 
bme  hills  are  omitted ;  they  are  very  complicated  and  are  not 
yell  given  by  Mr.  Gibson. 

Sand  Ridges. 

The  association  of  sand  with  these  ridges  deserves  attention. 
Uf^i  deposits  of  sand  and  gravel  are  frequent  on  their  summits, 

is  the  case  in  New  England,  and  would  suggest  that  at  some 

(probably  quite  late  in  the  disappearance'  of  the  ice  sheet) 

-glacial  streams  flowing  southwards  frequently  occupied 

Tasses  in  the  ice  coinddiug  with  the  tops  of  the  ridges. 

hysical  reasons  might  be  suggested  for  the  preference  of  ice- 
QBvasses  for  the  tops  of  earth  ridges. 

At  Mr.  David  H.  Evans's,  in  the  northeast  corner  of  Tyre,  is 
bridge,  proved  by  the  cutting,  to  consist  of  till,  at  least  at  thaty 
point.  The  outline  of  the  ridge  is  unlike  that  of  a  typical  drum- 
lin,  it  being  carved  deeply  and  irregularly  by  water  to  the  north ; 
iHit  southward  it  develops  to  a  straight  ridge,  becoming  very 
8an(ly  and  yielding,  with  a  parallel  ridge  adjoining,  of  similar 
Jiature,  quite  humpy  and  irregular,  with  axis  about  N.  5°  W. 
iQagnetic. 

A  couple  of  miles  north  of  Seneca  Falls  village,  west  of  Black 
Brook,  the  road  partly  follows  a  train  of  sand  deposits  which 
^ns  two  miles  to  ihe  fctate  road,  east  of  Magee's.  The  direction 
^ken,  on  the  whole,  is  N.  5°  W.  magnetic.  It  begins  southward 
in  low  sand  hills,  nearly  continuous,  which  diverge  from  the  line 
of  road  and  become  higher  at  a  point  where  excavated  for  sand 
and  gravel.  Here  they  form  a  group  of  hills  some  20  fe<  t 
above  the  plain.    The  continuity  is  interrupted  northward  for 
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short  distances,  but  at  last  the  line  changes  from  hillocks  to  i 
straight  single  ridge,  which  becomes  more  abundant  in  stone^ 
and  after  crossing  the  State  Road  presents  a  top  soil  well 
filled  with  typical  drumlin  material.  Smaller  sand  trains  lie 
parallel  to  this,  east  and  west.  A  mile  to  the  eastward  lies  i 
large  ridge  of  similar  material  and  extent  (see  Gibson's  map),  whidi 
near  its  southern  end  develops  into  a  veritable  little  kame-gronpof 
sand  hills,  covered  in  parts  with  several  feet  of  gravel  dippingati 
high  angle  from  the  center.  Here  is  another  "sand  quarry", 
used  for  many  years  to  supply  building  material  for  the  neigh- 
boring country.  Farther  to  the  east  there  are  undulations  for 
a  mile  or  two,  of  the  same  character.  Westward,  the  plain 
toward  Waterloo  looks  unbroken,  but  other  exposures  of  saod 
(probably  similar)  exist  on  the  westward  line  north  of  that 
village. 

Kama  District. 

The  above  series  of  ridges  of  modified  drift,  forming  a  fringe 
to  the  drumlin  district,  must  probably  be  connected  with  that 
much  larger  group  of  kame  hills  which  lies  at  the  western  bound- 
ary of  Junius,  opposite  Mitcheirs  station  on  the  Geneva  and 
Lyons  railroad. 

This  latter  group  is  about  two  miles  in  diameter  in  either  ij 
direction,   coTisis.ing   of    gravel   and   sand    hills,     0   to   .^0  feet 
high,   embracing   deep   basins    vvhicii   contain   several   lakelets. 
The  topography  is  very  irregular  and  is  well  shovn  in  the  view, 
Figure  l-S  which  gives  only  one  of  the  ponds.    Around  the  region 
of  hills  lies  a  belt  of  sand  on  the  east,  south  and  west,  which 
evi<iently  belong  to  it.     In  many  places  the  sand  is  gullied  very 
deeply,  especially  on  the  steep  slope  westward  to  the  outlet  of 
Canandaigua  hike,  which  runs  in  a  rather  deep  valley  for  these 
parts.     The  rise  from  the  surface  of  the   stream  to  the  high 
gravel  hill  at  the  north  face  of  the  kame  is,  by  hand-level,  150 
feet.     (Several  other  high  poin's  are  of  nearly  equal  elevation. 
Figure  14  shows  a  part  of    the  sand-slope   toward  the  outlet 
To  the  east  the  descent  is  much  less,  and  the  swales  are  of  lesser 
size.     Southward,  the   sand   runs  about  six  miles,   stopping  a 
couple  of  miles  before  reaching  Seneca  lake;  it  is  continaoos 
S.  E.  to  Waterloo  and  W.  to  Oaks  Corners.     The  large  sand  hills 


in  mi  immedi&teljr  around  the  kame  diminiah  to  hUlocka  farther 
ioiith. 

The  sand  is  a  buflf  rod,  of  various  shades,  (juite  fine,  composed 
>f  angular  and  partly  rounded  grains  of  quartz  with  reddish 
Javey  matter  adhering  to  them.  Its  fertility  is  variable. 
Utlier  numerous  stones  are  fi.iund  on  the  surface  and  in  sections, 
D  the  main  iiortion,  growing  scurce  at  the  border. 

Itr.  Boughtoo,  surveyor,  of  Waterloo,  informed  me  of  a  belt 
f  "white  sand  "  running  E-W  in  the  low  ground  north  of  Black 
Irook.  "The  Pines"  is  a  popular  name  for  a  jmrt  of  this  dis- 
ict:  its  scenery  suggests  the  suuthern  Atlaultu  cast.  The  sand 
;gT*y  from  admixture  of  vegetable  matter;  its  loss  of  color  is 
rob&bly  due  to  the  deoxidizing  action  of  the  latter  upon  the  iron 
[the  red  sand.     It  is  commonly  considered  very  poor  land,  but 

has  good  crops  of  vegetables  if  well  treated. 

The  scenery  of  the  kame  district  is  very  irregular.  The  gravel 
••  mostly  in  the  north  center,  in  ridges  and  humps.  The  sand 
ills  on  the  south  are  in  part  high  E-W  ridges,  occaisionally  two 
r  three  running  parallel  with  narrow  valleys  between.  The 
atures  are  morainic ;  except  where  drainage  has  evidently  gov- 
roed,  as  is  the  case  in  the  westerly  sand-slope  with  its  parallel 
bfttmelinK. 

Ve  may  assume  that  this  group  of  deposits  marks  the  debooohe- 
lent  of  some  ice  river  at  the  edge  of  the  ice-sheet,  into  an 
nlarged  sad  deeper  Seneca-Cayuga  lake.  If  so,  the  signs  of  the 
irer  mnst  be  sought  in  fluviatile  deposits  on  the  north. 

Tno  lines  of  anch  deposit  are  traceable,  running  nearly  N-8, 
nd  ending  in  or  near  the  kame.  Sand  and  gravel  are  found  in 
uh;  the  deposits  of  the  two  materials  being  distinct  and  nn- 
liogled. 

Banning  two  miles  north,  the  eastern  line  begins  with  rolling 
Jls  ot  small  height,  followed  by  an  abrupt  hill  of  gravel,  of 
orainic  shape,  much  higher.  This  gravel-bluff  pushes  south  as 
high,  flat  ridge  of  very  sandy  till-material,  or  sand  with  many 
1-stones;  the  ^ides  very  much  incised  with  channels  of  drainage; 
scending  to  the  plain  just  before  reaching  the  kame. 
The  western  line  comprises  one  or  more  drumlins  coincident 
ith  trains  of  sand  and  gravel.  Beginning  two  miles  north  and 
aciQg  it  south : 

10 
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1.  A  railway  cut  of  a  few  feet  in  depth  traverses  the  ridg 
at  a  low  point  The, narrow  ridge  rises  rapidly  to  the  south 
barely  wide  enough  for  a  wagon ;  gravelly.  Reaching  tt 
helfrht  <rf  BO  (T)  feet  it  becomes  very  sinuous  and  bumpy,  wit 
steep  rides;  wanders  a  short  distance  about  on  a  table-like  hi 
(900-300  feet  wide),  and  is  lost. 

S.  Thd  table,  some  way  southward,  descends;  continues  sa 
straij^bt,  well-rounded  ri>ige  35  feet  high,  apparently  compoBe 
of  till,  S.  6'  E.  for  a  quarter  of  a  mile ;  then  widens  and  becomi 
kBoUy  for  half  a  mile. 

S.  A.  long,  fltiraight  N-S  valley  splits  the  ridge  in  two.  Tb 
west  branoh  becomes  much  higher  and  takes  on  the  habit  of 
till-ridge,  descending  when  near  the  kame,  and  marked  on  ii 
well-roonded  top  with  a  longitudinal  groove  2uO  feet  long.  Th 
east  branch  diverges  very  slightly,  remains  low  (30  feet )),  haa 
sandy  soil  with  a  number  of  stones,  and  a  rolliaij  surfao 
Finally  it  changes  at  once  to  a  very  narrow,  tortuous  ridg 
of  heavy  gravel,  which  runs  (with  a  short  break  in  the  swam; 
half  a  mile  to  the  central  parts  of  the  kame. 

The  gravel  ridge  begins  exactly  where  the  sand  ridge  ce^ei 
with  a  partial  disconnection  of  continuity,  and  indications  aa  i 
the  former  emerged  from  the  pond  just  at  that  point. 


Delta  Terraces. 

The  "points"  at  Sheldrake  and  Lodi  afford ezcellent example 
of  the  formation  of  modern  deltas.  They  correspond  with  tw 
of  the  largest  local  streams,  and  represent  the  drift  and  roc 
brought  down  by  the  streams  since  the  lake  has  stood  at  it 
present  level.  Projecting  a  quarter  of  a  mile  into  the  respecti/ 
lakes,  with  a  greater  breadth,  at  points  where  the  descent  of  tb 
bottom  is  steep,  they  indicate  a  very  large  amount  of  filling. 

Along  the  sides  of  these  and  most  of  the  otherstreams  wefla 
important  accumulations  of  the  same  materials  that  compose  tb 
modem  deltas.  In  part,  these  masses  form  low^alls  or  embaok 
ments  running  continuously  for  long  distances  on  both  sides  o 
the  gullies.  This  may  be  seen  in  the  region  of  steep  slopes  sont 
of  Kidder's  ferry.  The  streams  here  run  parallel  and  very  nea 
each  other,  so  that  there  is  but  a  moderate  space  between  tffi 
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neighboring  embankmentB ;  a  space  whioh  at  first  and  for  a 
moment  suggests  the  notion  that  one  has  to  do  with  a  valley,  the 
embankments  being  its  walls. 

In  other  places  the  gravel  is  accnmolated  in  terraces  like 
cushions  to  the  right  and  left  of  the  ravine,  having  steep  slopes 
crowned  with  little  plains.  In  the  section  of  the  main  ravine  at 
Lodi  falls  this  is  seen  to  occur  several  times,  while  the  upper 
deposits  are  more  irregular  and  run  together.    (Fig.  16  ) 
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FiouRB  16.—  Levels  of  raised  delta  terraces  on  north  tide  of  Lodi  glen.    (The  eleratlon  of  Lodl  li 
785.1'  A.  T..  or  344'  al>ove  lake.) 

The  photographs  (figs.  19, 20),  taken  at  Willard  a  few  years  ago^ 
represent  sections  of  terrace-masses  of  this  description.  Those 
here  given  are  on  the  lake  front,  and  rise  to  the  height  of  50  feet 
above  the  water.  The  main  bulk  is  made  up  of  gravel  and  sand, 
with  two  or  three  thin  strata  of  clay.  The  excavation,  made 
for  obtaining  sand,  was  then  recent. 

A  very  large  section  of  one  of  these  delta-terraces  has  been 
recently  made  along  the  main  line  of  the  Lehigh  Valley  railway, 
at  ]S'orth  Hector.  The  station  at  that  point  is  872.7  feet  above 
mean    high    tide  =  432  feet  above    Seneca  lake.    The  deposit, 
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which  is  in  full  view  and  close  to  the  station,  rises  100  feet 
higjber  ^  973  ft.  This  is  decidedly  above  the  divide  at  Hona- 
heads,  Dear  EIraira,  and  probably  nearly  corresponds  with  the 
Idghest  point  that  the  lake  attained.  It  should  be  oontpued 
with  the  level  of  the  country  at  Watkins,  given  by  Fairdiild  as 
MIA.  T. 

The  terraoes  ooniiit  mainly  of  gravel,  with  some  jutd  uid 
day.  Am<n>g  the  pebUM  are  many  wbidi  ntain  the  torm  and 
to  a  Blif^ht  extent  the  ta^eidi^  of  till-«toneB,  hanng  beoi  trana- 
ported  bat  a  short  digtanoe. 

The  most  acceptable  theory  of  the  origin  of  these  delta- 
.  terraoee  is  that  which  refers  them  to  a  former  higher  level  of  the 
water  of  tiie  lakes.  The  highest  deponitB  of  thia  class  attained  an 
etevation  whitdi  woold  imply  that  all  of  the  ooonty  north  of 
Orid  was  under  water  (or  ioe),  so  tiiat  the  two  lakes  may  have 
formed  one  body  of  water. 

The  period  to  which  this  is  ntferredis  the  oloee  of  the  Ice  Age^ 
'  while  tiie  ioe«heet  was  melting  back  from  its  sonthem  limit,  tho 
moraine.  At  flmt  the  water  would  be  oon&ied  to  the  ralleys 
Boath  of  Ithaca  and  Watkins;  the  ontflows  oocapying  independ- 
ent channels  by  which  they  were  led  to  the  8afH]nehanna  valley. 
With  the  recession  of  the  ice,  a  point  would  be  reached  where  the 
two  lakes  could  communicate  with  each  other;  as  soon  as  this 
occurred,  a  rush  of  water  from  Cayuga  to  Seneca  lake  would 
occur,  reducing  the  level  of  the  former  by  140  feet,  since  the  out- 
let for  Seneca  lake  at  Elmira  was  900  feet  above  tide,  while  that  of 
Cayuga  (Fairchild,  Gilbert)  is  l,OiO,  at  Spencer  Summit.  At  this 
stage  Seneca  lake  would  be  even  higher  than  when  it  had  only 
its  own  drainage  to  provide  for.  The  mass  of  water  derived 
from  the  melting  ice  was  incomparably  greater  than  that  now 
known  to  us ;  sufficient  to  have  converted  the  lake  into  a  flowing 
stream  three  miles  wide. 

A  third  stage  began  when  the  recession  of  the  ice  front  had 
carried  it  so  far  north  that  an  outflow  became  possible  to  the 
eastward  into  the  Mohawk  valley.  Daring  this  stage  the  lakes 
appear  to  have  sunk,  sometimes  by  a  continuous  slow  depression, 
at  other  times  with  stages  of  rest.  To  the  continuous  sinking 
would  correspond  the  lateral  ridges  of  deposit  fringing  the 
streams ;  to  the  stages  of  rest,  the  terraces  with  nearly  level  tops. 
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Each  stream  has  cat  through  its  own  terraces  saccessively  in 
seeking  lower  levels,  carrying  away  large  amounts  of  drift  to 
add  to  the  new  delta. 

It  is  probable  that,  during  the  latter  part  of  this  (third)  stage, 
toward  its  close,  there  was  one  rather  protracted  period  of  rest 
or  equilibrium,  with  the  water  100  feet  above  its  present  level,  or 
not  much  higher.  For  this  view  there  are  several  coinciding 
bases.  1.  The  clay  at  Geneva  rises  to  the  level  of  100  feet, 
scarcely  niore,  and  then  thins  out  or  disappears.  Traced  west- 
ward along  the  Lehigh  Yalley  railroad,  it  rises  to  about  the  same 
height,  giving  place  to  sand  hills  about  half  a  mile  S.  E.  pf  Oaks 
Comers  station.  (This  station  is  564.3  A.  T.;  that  at  Geneva  is 
491.1,  making  a  rise  of  7.3  feet;  Oaks  Comers  is  123  feet  above 
Seneca  lake.)  2.  The  elevation  of  the  kame  deposits  is  very  near 
100  feet  above  Seneca  lake.  These  deposits  represent  the  dis- 
charge of  a  glacial  river  at  a  late  period  into  the  conjoined 
Seneca-Cayuga  lake.  3.  The  lowest  terrace  at  Lodi  is  110  feet 
above  the  lake. 

The  delta-terraces  are  confined  to  the  southern  half  of  the 
county.  On  the  west  side  of  Seneca  lake  they  run  much  farther 
north ;  there  is  a  well-marked  one  four  miles  south  of  Gheneva 
(mouth  of  Slate  Kock  Glen). 

Lines  of  beax5h  connecting  the  delta  terraces  have  been  sought 
for  by  various  observers  with  little  or  no  success.  Wave  action 
is  of  subordinate  effect  in  narrow  waters.  Beach  ridges  fringing 
delta-terraces  are  not  found,  as  far  as  1  know,  in  Seneca  county 
but  are  handsomely  shown  at  Kashong  creek,  eight  miles  south 
of  Geneva.    Elevated  lin^s  of  cliff  have  not  been  found  as  yet. 

A  study  of  the  terraces,  limited  to  Seneca  county,  would  have 
comparatively  little  value.  In  their  best  development  they 
occupy  the  upper  half  of  both  lakes  and  extend  south  up  the  val- 
leys of  inlet.  Their  relations  to  each  other  and  to  the  points  of 
outflow  require  much  study,  based  on  complete  and  accurate 
measurements,  which  have  yet  to  be  made. 

The  section  of  the  Lodi  terraces  is  based  on  hand-level  measure- 
ments, the  total  err(>r  of  which  was  small,  the  estimate  being  347 
feet  of  elevation  above  the  lake,  while  that  of  the  L.  V.  R.  R.  is 
344. 
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Drift-filled  Channels. 

The  most  important  are  the  channels  of  the  two  Iakes,.^hich 

ure  evidently  choked  with  deijJosits.     The  Nester  well,  sunk  at 

vGeoera  three  years  ago,  about  five  feet  above  the  lake,  along  the 

.  .north  shore,  one-sixth  of  a  mile  from  the  proper  border  of  the  lake 

valley,  struck  rock  at  213  feet.     The  mixed  deposits  comprised 

blue  and  other  clay,  sand,  gravel,  till  stone  and  large  bowlders. 

The  Seneca  river,  leaving  the  lake  of  the  same  name  at  its 
K.  E.  part,  flows  over  Corniferous  rock  for  a  mile  at  Waterloo ; 
and  again  for  two  miles  over  Salina  rock  at  Seneca  Falls.  There 
is  soma  reason  to  believe  that  a  much  deeper  ancient  channel, 
parallel  with  Seneca  river,  or  crossing  it  in  places,  is  concealed 
under  the  drift. 

The  evidence  consists  in  the  statement  of  those  under  whose 

care  the  gas  wells  at  Seneca  Falls  wore  drilled ;  to  the  effect  that 

the  three  wells,  Nos.  7,  5  and  6,  lying  nearly  in  a  straight  line  ia 

the  north  part  of  the  village,  struck  rock  at  70,  60,  75  feet 

respectively.    This  line  protracted  eastward  strikes  a  part  of  the 

.  river  where  the  cliffs  of  plaster  rock  disappear,  reappearing 

L'farther  east.    To  this  add,  that  in  well  No,  7  it  is  said  that  gravel 

r  was  encountered  at  intervals  below  70  feet,  until  a  depth  of  200 

feet  was  reached. 

Till,  in  general. 

The  character  of  the  till  varies  in  correspondence  with  that  of 
tiie  underiying  rock,  as  is  usual.  This  is  most  plainly  shown  in 
the  till  which  covers  the  Upper  Helderberg  rocks,  where  the 
amount  of  limestone  is  sufficient  to  give  a  decided  blue  tint  to 
the  clayey  mass  seen  in  gross.  The  shales  mostly  disappear  in 
the  till.  The  high  lands  near  the  southern  border  of  the  county 
begin  to  show  impoverishment,  due  to  the  presence  of  large  quan- 
tities of  sandstone. 

Bowlders  do  not  form  a  conspicuous  pari  of  the  scenery ;  stone 
fences  are  rare.  Qullies  cut  through  till  display  a  fair  assort- 
ment ;  the  large  ones  either  belong  to  the  Archaean  formations, 
or  to  the  Upper  Helderberg  limestone.  The  largest  seen  were 
two,  both  of  the  latter  class,  each  11  feet  long,  in  a  ravine  south- 
east of  Bearytown,  three  miles  soutli  of  the  outcrops. 
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The  distribution  of  the  till  ie  rather  irregular.  The  presence  oi 
drumllDS  in  the  northern  part  does  not,  however,  imply  a  great 
excess  of  deposit.  Their  materiaU,  equally  distributed,  would 
not  produce  a  layer  more  than  10  feet  thick  over  the  surface  of 
Junius  and  Tyre.  This  must  be  added  to  a  considerably  greater 
wuouut  in  the  form  of  a  sheet,  which  may  be  20  feet  thick  on  the 
average. 

The  Seneca  lake  section  has  a  very  thin  deposit  for  most  of  the 
distance;  thick  drift  occurs  only  in  the  depressions,  described 
nnder  the  head  of  Topography.  On  Cayuga  lake,  in  the  towns 
of  Fayette  and  Varick,  the  rock  is  concealed  by  heavy  deposits. 
The  eastern  shore  of  the  lake  shows  rock  exposures  much  more 
freely.  The  agreement  in  this  respect  between  the  lower  part  ot 
Seneca  and  Cayuga  lakes  is  quite  worth  notice;  it  is  necessary 
in  both  cases  to  go  inland  a  long  distance  on  the  west  shore  to 
find  exposures,  while  the  east  shore  is  cliff-lined. 

The  presence  of  a  large  amount  of  drift  in  the  high  land  south 
and  southeast  of  Ovid  village  haa  been  noted  as  au  obstacle  to 
quarrying. 

The  process  of  the  formation  of  till  ia  well  illustrated  in  sec- 
tions at  the  side  of  the  Lehigh  Valley  railroad,  south  of  Willard. 
The  cut  passes  through  a  bed  of  shale,  five  feet  thick  at  most  and 
600  feet  long,  on  which  lies  a  confused  mass  of  blocks  of  the 
same  shale,  piled  up  to  the  thickness  of  live  feet,  the  blocks  measur- 
ing up  to  three  or  four  feet  in  size,  wedged  together  in  all  posi- 
tions.    Over  all  is  a  layer  of  two  or  three  feettof  common  till. 

Glacial  Striation. 

The  fofiowing  unpublished  noies,  though  few  in  number,  may 
properly  be  recorded  here  : 

Top  of  hill  north  of  Prospect  hill,  three  miles  from  county 
line ;  slab  of  sandstone  25  feet  long  covered ;  N.  40°  "W. 

Steep  lakeward  slope,  north  of  Lodi  station,  340  feet  above  ' 
lake,  sandstone  in  roadside,  N.  20°  E. 

Beach  opposite  Geneva,  Marcellus  shale  freshly  stripped  of  till, 
1,000  feet  south  of  the  outlet ;  N.  45°  E. 

Directly  north  of  outlet,  freshly  uncovered  Marcellns  shale, 
N.  40-50°  E. 
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'  Compare  the  following:  Lehigh  Valley  R.  R.,  ooe-hftU  mUo 
louth  of  Oaks  Comers  station,  CorniferouH,  N.  6"  W.  and  E-V. 
E  Beyond  Oaks  Corners,  north.  Beyond  Flint  Creek,  N.  30°+  K 
fioT  a  considerable  distance. 

Thomas'  (juarry  near  Waterloo,  N.  E.  end,  all  N.  13°  E.  N. 
tW.  end,  mostly  N.  41°  E.,  very  regular;  also  some  N.  18°  I^ 
[deeper  cut.     West  side,  N.  5-10"  E.,  smoothly  and  well  oot. 

Franks  qiiany,  N.  6°  £. 

Emmet's  qtuurry,  IS.  W  £.,  ooarae,  not  panlleL 

Itorifoa's  qnury,  N.  6°  E. 

Boadnde  abate  west  of  Beaiytown,  K.  10°  E. 

The  readingf  an  ma^etia    Allow  aboat  6°  weeterly  defleo- 

Swamps  and  Marshes. 

Three  considerable  tracts  of  land  are  oompriaed  under  this 
^ead  ;  the  Montezuma  marshes,  the  Dlaok  swatap  and  tlie  Onu- 
■3berry  swamp,  besides  swampy  lands  oil  small  extent  in  varioas 
(tither  places,  notably  the  Canoga  shore. 

The  Montezuma  marshes  occupy  a  broad  spaoe  on  the  eastem 
■order  of  Tyre,  and  farther  down  along  the  Seneoa  river  to  the 
idistance  of  over  4'.'  miles  from  the  foot  of  Osynga  laike.  Near 
the  lower  end,  at  Jack's  Reefs,  there  is  a  fall  of  4.3  feet  in  the 
stream.  The  money  of  the  State  has  been  used  on  several  occa- 
sions for  the  procaring  of  a  better  outlet,  but  the  result  is  not 
yet  attained. 

The  town  assessors  of  Junius  (which  at  that  time  included  Tyre) 
in  1835  reported  the  amount  of  land  of  this  description  within 
the  town  limits,  as  follows : 

Marsh 4,449 

Swamp 3,463 

Intermediatfl 1,167 

8,079 

The  amount  is  probably  nearly  the  same  at  present. 

This  land  was  then  assessed  at  35  cents  an  acre  for  marsh 
and  $1  for  swamp.  Delafield,  in  1853,  vrrote  that  "  not  less  than 
6,000  acres  "  were  then  "  useless  "  in  Tyre.  This  adjective  gives 
an  incorrect  impression  for  the  present  day.    Marsh  land  is 
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now  assessed  in  Tyre  at  $2  an  acre ;  swamp  land  at  $S  to  $10, 
according  to  the  amount  of  timber  upon  it. 

My  correspondent,  Hon.  D.  H.  Evans,  defines  marsh  as  locali- 
ties in  which  flag  and  coarse  grass  grow,  but  no  trees;  swamp  is 
where  elm,  soft  maple  and  ash  trees  grow,  though  seemingly  as 
low  as  the  marsh.  Flag  is  cut  in  large  quantities,  along  the 
streams  running  through  the  marsh,  and  sold  at  good  prices,  so 
that  men  make  from  $2  to  $4  a  day  at  it.  The  marsh  is  also 
used  for  pasture.  Much  of  the  coarse  hay  is  cut;  hundreds 
of  tons  this  year.  It  is  pressed  and  shipped,  and  used  largely 
for  bedding  for  stock  and  for  packing  earthenware ;  much  is  also 
used  for  feed.  The  value  of  the  swamp  depends  on  the  amount 
of  timber,  large  quantities  of  which  are  cut  every  year. 

There  are  a  good  many  bits  of  ill  drained  land  in  the  drumlin 
region  of  Tyre  and  Junius,  some  of  which  are  named  in  Gibson's 
map  from  the  trees  which  abounded  in  them  —  cedar,  pine, 
hemlock,  black-ash  swamps. 

The  report  of  the  State  Commissioners,  in  1825,  stated  that 
the  water  of  Cayuga  lake  used  to  rise  from  July  to  the  time  of 
frost,  owing  to  the  summer's  growth  of  weeds  in  the  stream 
choking  the  outlet.  This  is  not  now  the  case,  for  the  streams 
supplying  the  lake  are  mostly  dry  during  this  time  of  the  year.' 
It  is  certain  that  the  introduction  of  drain  tile  has  caused  the 
water  to  flow  off  from  the  tilled  lands  much  more  rapidly  than 
was  formerly  the  case  after  rains  and  during  the  spring  floods. 
Deforesting  has  contributed  to  the  same  result.  In  great  floods 
the  water  sometimes  stands  three  feet  deep  over  the  marshes 
from  Mosquito  Point  up  to  Cayuga  lake,  a  distance  of  16  miles ; 
but  this  continues  only  a  few  days  at  a  time. 

It  appears  that  the  region  was  formerly  subject  to  malaria. 
The  Commissioners,  in  1><25,  state  that  not  only  was  this  true  of 
the  immediate  borders  of  the  stream,  but  that  for  many  miles 
the  air  was  injuriously  affected.  Mr.  Evans,  however,  living  in 
a  tract  surrounded  by  these  marshes,  writes  me  that  at  present 
the  neighborhood  of  the  marshes  is  not  at  all  subject  to  fevers. 

The  "  Black  Swamp "  is  drained  to  a  considerable  extent. 
Much  of  the  soil  is  a  deep  layer  of  pure  vegetable  mold.  A 
large  part  is  still  covered  with  trees.  Further  improvement  in 
drainage  could  doubtless  be  effected. 

11 
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The  "  Cranberry  Swamp"  ia  almost  entirely  a  forest,  growing 

"  i&  black  muck,  into  which  I  easily  thrust  a  stick  three  feet ;  it  is 

■aid  to  be  much  deeper  in  places.    The  timber  is  that  character- 

iatio  of  such  places  —  elm,  soft  maple,  etc.     By  consent  among 

the  owners  it  might  doubtless  be  drained  at  a  reasonable  expense. 

In  connection  with  this  subject  it  may  be  added,  that  beneath 
the  layers  of  muck  a  heary  deposit  of  marl  is  often  found,  com- 
posed entirely  of  minute  fragments  of  modem  sheila.  In  the 
Montezuma  marshes,  it  is  found  along  river  beds,  in  places,  10  or 
12  feet  thick;  its  thickness  diminishes  on  receding  from  the 
rivers,  and  at  last  only  the  underlying  bed  of  clay  remains. 
Valuable  as  thia  material  is  for  a  fertilizer,  it  has  been  found  that 
the  expense  of  seeking  it  under  four  feet  of  muok  is  sufficient  to 
prevent  its  extensive  use. 

Springs, 

The  writer  has  not  found  recorded  analyses  of  any  spring  in 
Seneca  county,  excepting  the  statement  that  the  gas  escaping 
from  the  Oanoga  spring  is  pure  nitrogen. 

This  spring  forms  a  pool  occupying  a  long  oval  basin  of  30  x  90 
feet,  more  or  less  sunk  six  feet  below  the  plain.  The  bottom  is 
■oovered  with  sand,  throus^h  which  the  water  boils  np  with  occa- 
sional bubbles  of  the  gas.  The  taste  is  that  of  other  good  well  water 
of  the  region,  viz.:  slightly  limy,  like  Seneca  lake  water.  Witbio  a 
stone's  throw  a  ledge  of  Upper  Helderberg  limestone  crosses  the 
road.  A  considerable  flow  was  noticed  at  the  dryest  time  of  the 
severe  drought  of  1895.  The  stream  has  supplied  power  to  two 
mills,  one  of  which  is  disused.  Springs  of  iron  and  sulphur  are 
found  in  the  low  grounds  at  Canoga. 

A  spring  of  sulphurous  odor  was  tasted  in  a  ravine  half  way  ■ 
between  Willard  and  Lodi,  north  of  Highland  station.  Other 
than  the  slight  odor  there  was  little  to  remark  ;  the  taste  was 
pleasant.  This  spring  is  reported  to  have  been  formerly  used 
for  medicinal  purposes  by  visitors  resorting  to  the  place. 

The  taste  of  iron  is  noticed  in  isolated  cases  in  the  country 
well  water.  Good  water  is  characteristic  especially  of  the  Port- 
age and  the  Upper  Helderberg  districts.  In  the  northern  part  of 
the  county  the  water  is  occasionally  brackish. 
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Several  mineral  springs  have  proved  to  have^a  oommeroial 

yalne  on  the  west  side  of  Seneca  lake  and  on  tiie  east  side  of 

Oayoga  lake.    The  possibilities  are  equally  good  for  Seneoa 

oonnty. 

Seneca  Lake. 

This  body  of  water  as  far  south  as  North  Hector  lies  within 
the  boundary  of  Seneca  county.  The  greatest  depth,  618  feet^ 
given  by  the  Cornell  University  survey,  is  at  the  southern  part 
of  the  county ;  a  depth  of  400  feet  or  over  is  maintained  for  S8 
miles.  Its  surface  is  441  leet  above  tide ;  its  bottom,  therefore, 
is  177  feet  below  the  surface  of  the  sea.  The  depth  and  volome 
of  the  water  maintains  it  at  a  comparatively  equable  tempersr 
ture.    It  is  usually  open  all  winter  and  is  cold  in  summer. 

The  water  partakes  of  the  character  of  its  sources,  containing 
rather  large  amounts  of  gypsum,  with  carbonates  of  the  earthy 
bases,  giving  it  a  '*  hard  "  character  and  causing  the  formation 
of  crusts  on  the  inside  of  boilers. 

Dredging,  undertaken  for  the  purpose  of  recovering  the  bodies 
of  drowned  persons,  was  carried  on  to  a  slight  extent  this 
summer  at  points  near  the  middle  of  the  lake  opposite  Willard. 
The  water  there  is  530  feet  deep.  It  was  reported  that  the 
dredge  encountered  no  opposition  from  unevenness  of  the  surface ; 
that  there  was  a  foot  of  very  soft  ooze,  under  which  was  blue  clay. 
The  ooze  contains  a  variety  of  diatoms,  of  species  known  to 
inhabit  the  fresh  waters  of  the  neighborhood. 

Superficial  currents  of  very  moderate  rapidity  and  changeable 
direction  were  observed  in  places  near  shore.  A  more  important 
current  is  indicated  near  Geneva,  by  the  muddy  streak  which  it 
makes  at  a  distance  of  from  a  quarter  to  half  a  mile  off  shore. 
The  peculiarity  of  this  current  is,  that  it  pushes  southward  in 
the  face  of  the  violent  and  continued  south  winds  which  are  of 
frequent  occurrence  in  winter  in  this  part  of  New  York.  On 
the  first  day  of  such  a  wind  the  north  end  of  the  lake  is  muddied 
by  the  breaking  of  the  waves  on  the  shore ;  on  the  second  day 
a  part  of  the  muddy  water  moves  slowly  southward  in  a  narrow 
column  or  streak  on  the  surface,  requiring  many  hours  to  accom* 
plish  the  distance  of  about  two  miles,  beyond  which  I  have  not 
observed  it  to  extend.  Accompanying  this  southerly  movement 
is  a  northward  flow  of  the  muddy  water  from  a  brook  just 
south  of  the  village ;  this  streak  being  rather  near  the  shore. 


Salina  Group. 

The  tract  of  country  north  of  the  valley  of  the  outlet  (Seneca 

river)   is  within  the  outcrops  of   the   Salina  or  Onondaga  salt 

group,  antl  embraces  about  one-half  of  the  width  of  its  exposure. 

This  group  was  divided  by  Prof.  Jaraes  Hall  (Report  Geology 

I  U,  Y.,  4th  District,  lSi3)  into  four  sections,  viz ,  I,  and  lowest, 

L  red  shale  of  Wayne  county ;  2,  green  and  ashen  mari  with  small 

lijuantities  of  gypsum;  3,  gray  or  ash-colored  marls  and  shales, 

rwith  thin-bedded  shaly  limestones,  usually  of  the  same  color, 

I  containing  gypsum  and  salt  beils ;  4,  silico-argiliaoeous  limestone 

I  or  cement-rock,    Nos.  1  and  2  are  not  seen  in  the  county  ;  No.  8 

seen  in  Black  Brook  (Tyre)  and   at  Seneca  Falls;    No.  4  at" 
'■  Beneca  Falls  at  two  points. 

The  exposures  in  Black  Brook  contain  only  the  third  variety. 
A  short  distance  south  of  Tyre  Center  it  forms  the  bed  of  the 
creek  for  a  considerable  distance,  with  one  cliff  15  feet  high. 
The  rock  is  in  rather  lirm  slabs  of  the  usual  grayish  tint. 

The  most  important  exposures  are  at  Seneca  Falls  along  both 
sides  of  the  canal  east  of  the  village,  where  it  forms  cliffs  SO 
feet  high.  In  many  places  the  fac«  of  the  cliffs  displays  the 
peculiar  method  of  quarrying  for  gypsum,  by  gouging  into  the 
rock  to  secure  the  lumps  of  the  mineral.  Much  of  the  rock  has 
In  late  years  been  taken  out  to  lay  on  the  roads,  where  it  forms 
a  solid  bed  in  summer,  but  in  wet  weather  "  turns  to  slush." 

The  gypsum  is  found  in  the  lower  part  of  the  cliff,  forming 
irregular  whitish  masses;  there  are  also  thin  seams  of  satin  spar 
and  minute  crystals  of  seleaite.  The  shale  in  which  it  occars  is 
of  a  grayish  drab  color,  weathering  into  small  pieces  with  a 
dusty  look.  The  upper  layers  are  more  solid,  but  they  have 
become  softened  by  weathering  and  break  readily  in  irregular 
bits.  They  contain  small  narrow  cavities  arranged  horizontally. 
The  best  exposure  is  found  on  the  south  side  of  the  canal,  west 
of  the  cemetery,  where  an  unusual  dip  of  5''-10°  exist.  Here  50 
feet  may  be  exposed,  beginning  with  the  layers  already  described 
and  closing  with  some  15  feet  of  rock  belongmg  to  the  upper  or 
fourth  division,  the  cement-rock.  This  is  in  part  a  slab-shale,  but 
there  are  thick  courses  which  fracture  irrespective  of  bedding 
and  expose  fine  conchoidal  surfaces.  The  rock  is  very  tough  and 
rings  under  the  hammer ;  it  is  an  argillaceous  limestone,  dark 
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bnfF  and  blaish,  with  some  lamination  streaks.  When  compared 
with  the  exposures  at  Phelps,  Ontario  county,  it  appears  to  cor- 
respond with  a  series  found  in  the  bed  of  Flint  creek  at  the 
dams,  where  contact  with  Lower  Helderberg  limestone  is  found, 
which  is  wanting  at  Seneca  Falls. 

A  very  similar  rock,  in  slabs  of  an  inch  or  two  in  thickness, 
has  been  newly  exposed  by  the  roadside,  half  way  to  Waterloo, 
500  feet  west  of  Kingdom  bridge,  on  the  south  side.  This  is  the 
most  southern  exposure  known  to  ma  It  is  doubtless  very  near 
the  southern  limit  (see  Upper  Helderberg). 

A  gas  well  in  the  southern  part  of  Seneca  Falls  village  is  said 
to  have  struck  Niagara  limestone  at  980  feet.  If  we  allow  16 
miles  for  the  width  of  the  formation,  and  a  northward  fall  of 
the  land  of  60  feet,  we  have  an  average  dip  of  57^  feet  per  mile  to 

the  south.    t^^=57i). 

This  well,  known  as  No.  2,  is  the  southernmost,  and  is  probably 
not  far  from  the  border  of  the  formation.  It  may  be  compared 
with  that  described  by  Frosser  (Amer.  Geologist,  Oct,  1890), 
which  is  half  a  mile  to  the  north  and  considerably  east 


No.  s. 

Elev.  A.  T 446  —  885  —  60 

To  Niagara  rock 980  — 960  =  30 

If  these  data  are  reliable  the  dip  is  here  northward. 

A  comparison  of  well  No.  2  with  one  three  miles  north  of  the 
village  at  nearly  the  same  elevation  gives  a  local  dip  of  40  feet 
per  mile  southward.  The  well  in  question  reached  Niagara  rock 
at  860  feet  =  120  feet  less  than  well  No.  2. 
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The  following  ia  Prosser's  statement  in  full: 
"  Skotiom  of  Well  drilled is  the  Sznkoa  Rivbb  Vallbt 

IN  THE    EaSTEBN     PaST    OF   THE   ViLLAOE.       ALTITDDB,    AppBOXI- 
MATBLT,    385'    A.  T. 


700' 
8S0' 


■l^r  Lo( 


800' 


Drab  colored,  impure  limeetonee. 

Blue  marb  wilb  an  oooasional  red  and  green  chip. 

GreenJBh-gray  marls  and  drab-colorsd  limeatoneB. 


Mostly  bright  red  abale,  but  some  mottled  red  and 
green  shale. 

Dark  blue  limestone  in  the  upper  part,  with  green- 
ifib  shales  at  the  base.  Niagara  and  Clintoa 
groupB, 

Red  BhaleB  and  sandstones  of  the  Medina  group. 

Bottom  of  well." 


[OH  OF  Well  obilled  at  Ithaca,  Tompkins  CoonTr,  N.  Y, 

LOOATIOK     IN    THE    VaLI-ET,     ONE  FOUBTH    OP    A     MILE    SOOTH    OV 

Itbaoa.    ALTmjDE  396'  A,  T. 


IVptll. 

840'" 
440' 
470' 
1612' 
1694' 
1773' 
1786' 

1900' 


Portage  shales  and  sandstones. 

Genesee  black  shale. 

Tnlly  limestone. 

Hamilton  shales  and  sandstones. 

Maroellus  black  shale. 

Comtferons  limestone. 

Oriskany  sandstone. 

Lower  Helderberg  limestones.    Approximate  top  of 
the  Salina  group. 

Salina  group,  a  part. 

Bottom  of  well  according  to  the  contractor,   Mr, 

ROBt. 
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It  ahould  be  noted  that  the  gas  wells  straok  salt  water  in  the 
Salina  group,  and  that  one  weU,  three  miles  north  of  the  village, 
struck  a  15-foot  layer  of  salt  at  565  feet. 

Contact  with  the  succeeding  formation  is  nowhere  seen.  The 
width  of  the  interval  between  the  respective  exposures  is  a 
quarter  of  a  mile  N-S.  The  line  of  contact  lies  in  the  valley  of 
the  outlet  of  Seneca  lake,  covered  with  till  and  sediment. 

Lower  Helderberg  Group. 

This  important  series  of  rocks,  prominent  among  the  forma- 
tions  of  the  eastern  part  of  the  State,  mostly  disappears  before 
reaching  the  longitude  of  Seneca  county.  For.an  enumeration 
of  the  components  of  the  series,  reference  is  made  to  the  Beport 
on  the  Geology  of  New  York,  Fourth  District.  The  only  mem- 
ber of  the  series  of  which  mention  need  be  made  is  the  Water- 
lime  group.  This  is  found,  as  stated  in  the  report,  in  the  bed  of 
Flint  creek,  at  Phelps,  about  four  miles  west  of  the  border  of 
Seneca  county.  It  there  consists  of  a  black,  shaly,  hard  lime- 
stone, about  three  feet  in  thickness.    No  fossils  were  observed. 

In  Seneca  county  reference  should  be  made  to  the  description 
of  strata  underlying  the  Onondaga  limestone  at  McQuane's 
quarry.  The  waterlime  is  to  be  found  here,  if  at  any  place  in 
the  county.  The  rock  is  a  very  argillaceous  limestone,  in  parts 
very  finely  laminated  and  splitting  readily  in  thin  sheets ;  it  was 
not  observed  to  contain  fossils. 

Oriskany  Sandstone. 

This  formation  is  well  marked  at  Flint  creek,  Ontario  county, 
and  in  several  localities  in  Cayuga  county.  In  Seneca  county  its 
absence  at  the  base  of  the  Upper  Helderberg  limestones  is  to  be 
noted  at  the  only  point  where  the  base  is  exposed,  viz.,  McQuane's 
quarry. 

Upper  Helderberg  Group. 

This  term,  as  here  applied,  includes  as  subdivisions  the  lime- 
stones known  as  Onondaga,  Corniferous  and  Seneca,  this  being 
the  order  of  superposition,  with  the  Onondaga  at  the  base. 

The  Onondaga  limestone  is  found  at  one  spot,  a  few  feet  in 
area,  in  Seneca  county,  with  characteristic  appearance. 


L  '88  Kei>ort  of  thk  Stai'E  Oeologibt.  ^^^H 

The  Cornifepoug  timestoae  is  of  a  darker  color,  less  abundant  in 
fossils,  and   contains   much   hornstone   in  courses,  from   which 

I  it  derives  its  name.  It  is  siiffioiently  distinct  in  appearance  to  be 
separated  from  the  Onondaga,  though  the  latter  also  often 
contrains  hornstone. 

Seneca  limestone  is  a  term  given  to  those  courses  which  overlie 

I   the  Corniferoiis    layers    in    Onondaga    and     Cayuga    counties 

■  (Vanuxem)  and  Seneca  county  (Hall).  It  is  nearly  free  from 
hornstone,  though  certain  layers  contain  it,  and  the  upper  tier 

,  abounds  in  it.    The  presence  of  certain  brachiopods  (C'/ionetet 

I  tineata)  in  large  numbers  is  the  mark  originally  proposed  as 

;  diagnostic.     The  term  is  now  scarcely  used. 

Sioce  all  these  parts  of  the  Upper  Ilelderberg  formation  occa- 
sionally contain  hornstone,  the  word  "  Coniiferous  "  may  properly 
be  applied   to  the  whole.     But  as  hornstone  occurs  in  other 

'  geological  periods,  the  preference  is  given  to  a  geographical 
name. 

The  Onondaga  limestone  is  described  in  the  Report  for  the 
Fourth  District  as  of  a  light  gray  color,  of  ten  approaching  white, 
more  or  less  crystalline  in  structure  and  containing  numerous 
fossils;  in  many  instances  ii  seems  almost  entirely  composed  of 
broken  and  comminuted  fragments  of  crinoidea  and  corals. 

The  only  exposure  in  the  county  is  a  piece,  now  reduced  to  the 
length  of  five  feet,  forming  the  top  layer  at  McQuane's  quarry, 
two  miles  S.  "W.  by  W.  of  the  centre  of  Seneca  Falls  village.  It 
is  two  feet  thick,  covered  with  a  few  inches  of  dirt.  It  corre- 
sponds in  every  respect  with  exposures  at  Phelps ;  is  very  tough 
(more  so  than  the  Seneca  limestone) ;  its  surface  is  weathered  to 
a  deep  rusty  brown,  and  is  roughened  by  the  projection  of  great 
numbers  of  fragments  of  crinoids,  etc.  It  contains  many  entire 
cyathophyUoids,  and  is  destitute  of  flint  nodules. 

The  exposure  is  apparently  an  isolated  one,  scarcely  rising  above 
the  level  of  the  clay  plain,  at  an  approximate  elevation  of  465  feet 
A.  T,  The  quarry  has  been  worked  in  the  subjacent  rock  a  length 
of  IKO  feet,  and  a  depth  of  20  feet,  giving  favorable  exposures. 
Beginning  at  the  lowest  exposed  layer  there  are  (A)  two  feet  of 
a  strong  limestone,  described  as  of  a  good  quality  for  bnilding, 
in  one  course,  which  has  a  tendency  to  split  horizontally ;  next 
(B),  six  and  one-half  feet,  containing  considerable  impurity,  not 
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separable  in  layers,  breaking  transversely  and  finally  crmnbling 
into  small  blocks,  like  the  Tally  limestone,  when  exposed  to  the 
air.  0  is  two  feet  of  tough,  fine-grained  limestone,  somewhat 
earthy  in  its  upper  part.  A  and  B  abound  in  large  coral  forms, 
plainly  showing  in  outline  on  the  surface  of  blocks,  but  hard  to 
identify  and  ill-preserved.  They  are  most  abundant  in  the  upper 
two  thirds  of  B,  and  hardly  occur  in  C,  which,  however,  presents 
a  few  forms  of  small  size.  This  gives  10^  feet  of  blue  limestone 
in  three  courses. 

Above  this  is  seven  feet  three  inches  of  a  highly  argillaceous 
limestone  (D),  not  found  to  contain  fossils;  readily  separating 
into  flat  pieces  an  inch  and  upwards  in  thickness,  especially  in 
the  upper  parts.  When  fresh  much  of  it  is  dear  dark  blue,  some- 
times ringing  when  struck.  Weathering  gives  a  buff  tint,  softens 
the  surface  at  joints  to  an  earthy  consistency,  showing  the 
laminsd  in  earth,  and  has  reduced  the  top  layers  (one  to  five 
inches)  to  a  sort  of  yellow  ochre.  The  owner  says  that  0  and  D 
are  good  for  making  cement. 

The  junction  of  D  and  E  was  carefully  searched,  but  not  a 
fragment  of  material  resembling  the  Oriskany  sandstone  was 
found.  Its  absence  from  this  county  was  noted  by  Prof.  Hall 
(Rept.  4th  Dist.,  p.  456).  The  upper  layers  of  D  are  in  ihin 
slabs,  weathered  to  ochreous  dirt  to  different  depths,  and  in  places 
displaying  their  form  up  to  the  level  of  contact  with  E.  The 
under  side  of  E  is  also  badly  weathered,  crumbled  into  small 
pieces  of  an  ounce  or  two.  It  seems  important  to  have  some- 
thing positive  or  negative  as  to  the  relation  of  these  blue 
limestones  to  the  Lower  Helderberg.  They  have  in  part  the 
lithological  aspect  of  that  rock  as  foand  by  S.  G.  Williams,  at 
Union  Springs,  but  the  total  difference  of  fauna  is  noteworthy. 

The  Onondaga  limestone  (E)  is  unquestionably  in  situ^  and 
quantities  lie  about  among  the  other  rock,  evidently  recently 
removed. 

The  strata  dip  moderately  S.  W. 

The  Oriskany  sandstone,  an  abundant  and  prominent  compo- 
nent of  the  drift  south  of  Auburn,  derived  from  well-known 
exposures,  is  certainly  not  at  all  common  in  the  drift  of  Seneca 
county,  though  easily  recognized  on  account  of  its  peculiar 
aspect. 

12 


Ocmiferiytia    and    Scn-eca    Limcsionfs.     Tfie   ontcrop   o( .  this 

.  rook  is  near  the  southern  part  of  the  alluvial  plain  of  the 

outlet,    and    consists    chiefly   of    a   line   of    quarries,    ruunillg 

nearly  straight  S.  E.  by  E.  for  seven  miles.     The  rock  fomiB 

a   level   sheet   near   the   surface    for   a   considerable    spaoe    in 

two  or  three  places.    Northward  it  mostly  descends  in  a  dight 

escarpment  to  the  clay  levels.     The  eximsures  represent  the  Banid 

strata,  or  nearly  so,  in  all  the  quarries.     The  easternmost,  near 

.  Canoga  (but  on  higher  ground),  may  be  estimated  as  standing 

I  470+  feet  above  tide;    the   westernmost,  the  same,  at  thp  top 

I  layer.     This  is  consistent  with  the  supposition  of  a  general  dip 

S.  W  by  S.,  the  rock  being  cut  off  level  on  the  line  of  strike. 

Little  can  be  inferred  from  the  local  dips  in  the  quarries ;  B(HM 
we  to  tiie  nortb,  others  sontluaij,  wMe  small  Byntdin&Is  <A  iaai 
feet  #ltii  N-S  axis  ooonr  in  Fnuk^s  qtuny,  and  a  dip  to  If.,  B. 
W^  snd  8.  E.,  diverges  from  a  o(wimon  center  in  Thbrnas* 
quarry. 

Contact  with  the  Marceilus  shale  on  the  south  is  not  observed; 
exposures  approach  each  other  within  moderate  distances.  On  the 
north  the  only  determining  point  is  at  McQuane's  quarr/,  w&ioh 
gives  a  probable  width  of  two  and  one-half  miles  on  the  meridiaB, 
or  two  miles  southwest  to  the  nearest  MarcelUis  exposure. 

The  layers  of  truly  Corniferous  rock,  rough  and  ugly  with 
protruding  masses  of  horn&tose,  which  appear  near  the  base  of 
this  division  in  the  well-known  section  along  Flint  creek,  in 
Phelps,  Ontario  county,  and  which  may  be  seen  in  bowlders 
abundantly  to  the  westward,  are  not  visible  at  any  section  or 
exposure  in  Seneca  county.  The  quarries  here  represent  a  section 
of  32  feet,  apparently  at  or  near  the  top,  all  showing  the  same 
horizon ;  they  are  practically  free  from  flint  in  the  lower  two- 
thirds  of  the  section.  A  strip  of  one  and  one-half  miles  of  ter- 
ritory lies  north  of  them,  unrepresented,  except  by  one  exposure 
at  the  Waterloo  falls. 

The  Waterloo  rock  has  been  largely  uncovered  during  the  late 
drought,  in  the  bed  of  the  stream.  The  upper  two  or  three  feet  are 
tolerably  firm,  in  thick  courses  with  some  hornstone,  and  cavities 
showing  weathering  out  of  fossils.  The  five  feet  next  below  are 
mostly  a  disintegrating  mass  of  worthless  shaly  material ;  with 
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thin  layers  of  flint  in  the  upper  part,  near  which  was  found  Siy- 
liola  JissureUa  and  a  small  variety  of  Ambocoilia  umbonata  in 
abundance.  The  lower  part  of  the  five  feet  was  comparatively 
firm,  in  part  pyritiferous  and  with  vermicular  cavities. 

The  geographical  site  of  this  exposure  would  refer  it  to  the 
lower  layers  of  this  formation. 

It  seems  desirable,  in  connection  with  this  exposure,  to  place 
on  record  those  which  lie  in  a  direct  line  north  of  Geneva  village, 
comprising  three  quarries,  as  seen  on  the  map.  The  northernmost 
contains  a  fine  exposure  of  the  Onondaga  limestone  crowded 
with  many  species  of  coral.  The  middle  one  is  a  close  counterpart 
of  that  at  Waterloo  falls,  being  a  very  black  shale,  varying  from 
heavy  to  fine,  with  Styliola  and  Amboccelia  umbonata^  small 
variety,  in  near  association.  Other  fossils  hardly  recognizable. 
The  lower  layers  become  tough,  retaining  a  tendency  to  split,  and 
at  about  five  feet  below  the  level  of  the  above  fossils  it  contains 
various  forms  of  Orthoceras  and  Cyrtocerasj  including  C,  trivolve 
(or  undulatu?n,  Conrad) ;  not  found  elsewhere  in  Seneca  county, 
and  lying  below  the  Waterloo  stream  exposure.  The  southern 
quarry  presents  nothing  unusual. 

The  system  of  quarry  joints  was  nearly  N.  25°  W.  and  N.  75® 
E.,  with  slight  variations,  and  nearly  vertical.  The  courses  differ 
in  thickness,  but  maintain  their  individuality  remarkably  from 
one  quarry  to  another. 

The  position  of  the  courses  is  conveniently  referred  to  an  eight- 
inch  layer  of  light  greenish  gray  material,  called  "marl"  by 
the  workmen,  which  is  constant;  it  is  found  also  at  the  Union 
Springs  ([uarry.  It  has  somewhat  the  look  but  not  the  feel  of 
soapstone;  breaks  in  small  flat,  thick  bits,  and  cuts  easily.  It  is 
not  ])lastic.  It  is  a  nonhydrated  aluminum  silicate  ;  a  clay,  con- 
taining small  (juantities  of  lime  and  magnesia. 

Besides  the  marl,  there  are  one  or  two  thin  shaly  bands ;  and 
a  number  of  layers  of  hornstone,  in  part  forming  sheets  of  one  to 
six  inches  in  thickness,  in  part  separate  nodules. 

Thin  beds  of  a  very  small  Zaphrentls  and  other  small  cup- 
corals  are  found  at  diU'erent  levels,  well  displayed  by  weathering 
and  forming  good  horizons  for  observation.  Loxonenia  laxuin  of 
an  amber  tin^^e  is  characteristic  of  certain  levels.  Chonetes 
lineata  ran^^es  through  most  of  the  beds,  in  varying  amount. 


The  correspondence  of  the  beds  in  five  principal  quarries  along 
line  of  five  miles  is  shown  in  figure  23. 
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Marcellus  Shale. 

The  nearest  approach  to  a  oontact  of  these  shales  ^ith  the 

limestone  is  fonnd  in  a  brook  running  north,  one  and  one-half 
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miles  south  of  jWaterloo.      Following  the  stream  downward 
toward  the  limestone  we  find  (in  descending  order), 

1.  The  usual  black  shale  (?  20  feet). 

2.  Crossing  the  road,  eastward,  a  foot  of  hard  limestone. 

3.  Blue-black  shale,  finely  jointed,  with  immense  numbers  of 
Ijiorhynchus  limitaris,  a  ad  some  StyliolafissureUa^  a  few  trilobites 
and  orthocerata.     Large  concretions. 

4.  Very  black  shale,  sooty  in  look,  with  whitish  deposit  (sul- 
phate of  iron);  delicate  fossil  impressions,  in  part  gilded  with 
pyrite.  A  very  fine  grained,  tough,  nonfossiliferous  limestone, 
two  and  one-half  inches  thick,  divides  this  shale  in  two. 

After  losing  the  exposure  for  some  distance,  limestone  appears 
in  the  bed  of  the  brook,  in  three  tiers;  the  upper  two  11  and  4 
inches ;  the  lower  can  not  be  measured.  Upper  surface  marked 
with  slender  curving  light  streaks,  probably  of  concretionary 
origin,  an  inch  or  two  in  length ;  lower  tier  with  hornstone. 

This  section  is  typical  of  the  base  of  the  Marcellus  in  this 
region.  The  divisions  3  and  4  could  not  be  measured,  but  repre- 
sent only  a  few  feet  each. 

The  thickness  of  ihis  formation  is  suggested  in  several  ways. 
At  the  northeast  corner  of  Seneca  lake  it  forms  the  whole  base 
of  the  hill  and  rises  probably  70  feet  along  the  hill  side.  The 
large  hill  farther  soutti  rises  200  feet  above  the  lake;  its  west- 
ward foot  in  the  lake  displays  cliffs  of  this  rock  30  feet  high;  its 
eastward  sl'^pe  of  50  feet  is  of  the  same  rock. 

Two  stretches  of  clitf,  previously  mentioned,  are  found  along 
the  lower  part  of  beneca  lake,  which,  with  Kendig's  creek,  form 
the  chief  exposures  of  the  Marcellus  shales.  The  belt  of  country 
covered  is  from  three  to  six  and  eight  miles  wide  —  the  latter 
being  the  distances  between  extreme  exposures  on  the  lake  fronts, 
Avhere  for  geometric  reasons  the  exposures  are  prolonged. 

Hamilton  Shales. 

This  division  comprises  two  thin  beds  of  limestone  and  four 
shales,  as  follows,  beginning  at  the  lowest. 

1.  Transitional  shale. 

2.  Basal  limestone. 

3.  Olive  shale. 


4.  Ludlowville  shale. 

5.  Encrinftl  limestone. 
€.  Moscow  shale. 

This  follows  the  original  division  of  the  reports  as  rejrards 
tnumbering,  with  a  change  of  name  for  the  first  two,  npon  which 
afew  remarfcs  are  offered. 

[a)  The  Marcellus  shale  retains  its  character  as  a  dark  blue,  fis- 
Bile,  handsomely- jointed  rock  with  Lhrhynchis  limitaria,  to  the 
-top  of  its  beds.  The  physical  character  of  the  shale  changes 
rather  quickly  to  a  lighter-colored  and  more  calcareous  shale, 
■with  a  substitution  of  the  Hamilton  series  of  fossils,  which 
becomes  so  decided  as  to  leave  no  difficulty  in  the  way  of  classify- 
ing the  stratum  at  sis  or  eight  feet  above  the  Liorhynchne  beds. 

(i)"A  compact,  calcareous  blue  shale,  often  passing  into  an 
impure  limestone."  (Report  of  Ith  Dist.)  The  designation 
"basal  limestone,"  proposed  by  J.  M.  Clarke  forthe  strata  as 
observed  by  him  in  Ontario  county  (directly  west  for  25  miles)  is 
also  of  practical  value  for  Seneca  county.  It  forms  a  horizon  not 
easily  overlooked  by  even  the  inexperienced,  on  account  of  its 
physical  contrast  with  the  weak  shales  among  which  it  occurs. 
The  rock  thus  desi^^nated  is  plivsically  the  same  as  the  transition 
shale,  with  increased  power  of  cohesion,  and  a  tendency  to  form 
massive  blocks,  cleavable  in  clumsy  chunks  rather  than  lamina. 

As  described  in  Ontario  county  it  is  largely  a.  coral  reef.  To 
Borne  extent  it  retains  this  character  in  Seneca  county,  displaying 
scattered  specimens  of  HeliophyUum,  Favosites,  and  other  large 
corals,  which  do  not  belong  elsewhere  near  its  horizon.  Its  tjuali- 
ties  as  a  material  for  road-making  have  been  mentioned  to  me  by 
farmers.  As  a  geographical  factor  it  is  of  importance  as  causing 
the  first  series  of  limitary  cataracts,  practically  marking  the  com- 
mencement of  a  geological  series. 

Two  such  falls  have  been  examined  by  the  writer  in  the  south 
part  of  Geneva,  in  State  Rock  creek  (25  feet  fall)  and  Benton's 
run  (about  10  feet),  thus  connecting  Clarke's  observations  with 
the  present  set. 

In  Seneca  county  seven  exposures  are  noted,  viz. : 

1.  For  half  a  mile  along  the  shore  of  Seneca  lake  north  of 
Dey's  Landing.    One  or  two  feet  exposed.    Impure,  easily  broken 
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limestone,  containing  yarious  Zaphrentia^  HMophyUay  etc. ;  above 
it,  shales  with  typical  Hamilton  fauna. 

2.  Keeder's  creek,  about  1,000  feet  from  the  latter  lake,  similar, 
8-10  feet  thick,  with  5-LO  feet  of  transitional  shale  beneath,  and 
Marcellus  at  base  of  bank.  HeliaphyUum  HaJli  frequent.  Large 
fayosite.  A  furlong  or  so  up  the  stream  a  fall  of  four  or  five 
feet  occurs  over  this  rock. 

8.  Large  hill,  N.  W.  of  West  Fayette  station  (MacDougal's 
F.  O.).  Here  it  forms  a  flat  surface  on  the  summit  (200  feet  above 
the  lake),  and  an  escarpment  to  the  north ;  numerous  corals  are 
to  be  found  in  the  field,  but  there  is  no  direct  exposure  of  the 
ledge. 

4.  Gully  of  Kendig's  creek,  one-quarter  mile  east  of  MacDon- 
gal's.  The  underlying  Marcellus  well  displayed  in  bed.  Steep 
fall  of  nearly  15  feet  with  mill  (now  run  by  steam).  Large  fayo- 
site ;  heavy  blocks. 

6.  Creek,  a  mile  west  of  Bearytown  (Fayette  P.  O.),  Hamilton 
fauna;  heavy  rock,  rapids  descending  10  feet. 

6.  Creek  a  mile  S.  E.  of  Bearytown;  an  old  mill  site.  Directly 
above  Marcellus  exposures  are  12  feet  of  limy  rock  breaking  in 
irregular  conchoidal  masses,  large  and  small,  with  horizontal 
tendency.  Sparse  Hamilton  fauna.  UeliophyUum  Ilalli  and 
another  coral.     Fall  about  10  feet. 

7.  Big  Hollow  creek,  eastern  Romulus.  Fall  of  some  30  feet 
vertically  over  heavy  limestone  ledge.  Marcellus  below  down  to 
lake.     Hamilton  fauna. 

The  northern  boundary  of  the  Hamilton  shales  is  drawn  upon 
these  data.  Exposure  3  may  be  insular;  it  is  covered  with  drift 
to  the  southward.  The  Tully  limestone  lies  seven  miles  to  the 
southward,  which  is  the  width  of  the  Hamilton  exposure  along 
the  plateau.  Along  Seneca  lake,  on  and  quite  near  the  shore, 
the  Hamilton  runs  12.^  miles — from  Reeder's  creek  to  the  land- 
ing next  south  of  Lodi  Point. 

Tully  Limestone. 

This  highly  developed  limestone  formation,  lying  between  the 
shales  of  the  Hamilton  and  Genesee  divisions,  actjuires  great 
importance  as  a  geological  horizon.  Its  outcrops  have,  therefore, 
been  studied  with  care.     (See  fig.  26.) 
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The  first  one  to  be  mentioned,  being  the  nortbernmost,  is 
rather  more  than  a  mile  weat  of  Ilai't's  Corners,  on  a  rise  of 
ground  facing  north,  and  forming  a  low  escarpment.  It  ia  rep- 
resented in  figure  24,  which  is  talten  looking  westward.  The 
impression  is  correctly  conveyed  of  the  level  prairie  country  in 
which  the  hill  occurs. 

'Ihe  elevation  of  Hayt's  Corners  above  mean  high  tit^e,  fur- 
nished by  the  kindness  of  Mr.  Esser,  Sup't  of  Division,  Lehigh 
Valley  It.  R.,  is  791.3  feet.  The  road  ascends  westward  for 
a  half  mile,  descends  slightly  and  reascends  to  the  same  height. 
"With  a  hand-level  the  elevation  of  the  top  of  the  rock  was  esti- 
mated at  50  feet  above  the  station,  or  840  A.  T.  There  is  a 
chance  of  an  error  of  a  few  feet  (perhaps  five)  in  this  statement. 
Thickness  less  than  11  feet,  resting  on  Ilamilton  shale.  The 
upper  part  may  have  suffered  loss  from  erosion.  The  rock  has 
been  quarried  to  furnish  road  material. 

'Ihe  next  exposure  westward  iS  at  Willard  Hospital,  where  a 
cascade  falls  over  TuUy  limestone  near  the  reservoir.  Here  the 
contacts  are  perfect  above  and  below ;  thickness  at  fall  1  li  feet. 
The  rock  displays  a  considerable  dip,  east,  west  and  south,  and 
has  been  largely  quarried  for  road  buildmg.  From  data  obtained 
at  ttie  Hospital  the  top  of  the  reservoir  a]ipears  to  be  599  feet 
above  tide ;  top  of  quarry-rock  45  feet,  less,  say  554  feet.  There 
is  no  indication  of  rock  in  the  conformation  of  the  country 
between  these  two  exposures,  nor  between  this  and  following 
ones,  for  which  we  have  to  depend  on  cliflE  and  stream  exposures. 
The  thickness,  measured  at  Highland  station  in  creek,  was  Hi 
feet;  at  Lodi,  main  glen,  IS^;  Deer  Lick  Run,  12^. 

The  rock  appears  at  the  Seneca  lake  front  about  a  mile  south 
of  Willard  Landing.  When  first  seen  it  is  emerging  from  the 
lake,  reaching  the  height  of  15-20  feet  in  onequarter  of  a  mile 
southward  and  fully  displayed.  The  dip  beneath  the  lake  can 
be  but  slight,  as  Hamilton  shale  is  found  200  feet  north  of  the 
emergence.  In  the  next  creek  (Highland  station)  it  is  found  in 
a  waterfall  900  feet  from  the  lake  and  50  or  60  feet  above  it.  It 
caps  the  cliff  for  one-half  mile,  beginning  some  way  south  of 
Highland ;  height,  40-50  feet.  In  the  next  deep  glen  it  is  40 
feet  above  the  lake  at  400  feet  from  the  shore.  At  Lodi  it  comes 
within  a  few  feet  of  the  lake  level. 
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A  very  interesting  exposure  occurs  in  the  main  (southern) 
glen  at  Lodi.  Near  the  mouth  of  the  ravine  it  begins  in 
full  thickness,  with  Hamilton  shale  below.  It  forms  the  bed 
of  the  stream  for  a  quarter  of  a  mile,  dipping  on  the  average 
N.  W.  The  view  shows  the  upper  beds  eroded  by  the  stream, 
with  Genesee  shale  above.  When  last  visible  it  presents  its 
upper  surface  as  the  bed  of  the  brook  with  Genesee  upon  it, 
having  risen  about  40  feet. 

This  anticlinal  is  seen  in  the  next  hollow,  its  top  55  feet  above 
the  lake  at  400  feet  from  it,  and  in  the  hollow,  a  mile  south  of  Lodi 
landing  (at  a  small  wharf),  it  is  again  seen  at  50  feet  at  a  greater 
distance  back.  The  shore  is  here  composed  entirely  of  drift. 
This  was  the  last  distinct  exposure  noted.  Genesee  shale  appears 
half  a  mile  farther  south  in  the  cliff. 

Returning  to  the  high  point  whence  we  started,  we  find  a  low 
swell  of  land  running  E.  by  S.  from  the  quarry,  for  some  dis- 
tance very  full  of  the  pieces  of  the  rock.  Toward  Hay t's  Corners 
it  has  been  opened  in  places.  I  was  told  the  drift  was  not  thick. 
At  the  Comers  the  Ovid  branch  railway  cuts  across  the  lime- 
stone and  Hamilton  shale  a  few  rods  south  of  the  station. 

Its  further  course  is  determin.ed  by  a  quarry  a  mile  S.  E.  of 
the  Corners,  thence  by  considerable  falls  in  Grove's  creek.  Shel- 
drake creek,  the  stream  next  north  of  Kidder's  and  the  series  of 
streams  for  two  miles  south  of  Kidder's.  In  two  of  the  latter, 
the  formation  is  13^  feet  thick.  It  comes  within  a  few  yards  of 
the  lake  at  Bergen's  Point,  where  it  forms  a  fall,  about  25  feet  in 
height,  in  Shepson's  gulley.  Thence  it  slowly  descends,  reaching 
the  level  of  the  lake  in  about  three-fifths  of  a  mile,  and  entirely 
disappearing  beneath  the  lake  at  two  and  one  half  miles,  or  a  mile 
south  of  Little  Point.  The  Genesee  shale  is  visible  in  one  or 
more  places  on  the  shore. 

Genesee  Shale. 

This  is  well  displayed  in  most  of  the  gullies  of  Ovid,  Lodi 
and  Covert.  Its  base  is  defined  by  the  Tully  limestone.  Its 
upper  limit  is  fixed  by  two  feet  or  more  of  harder  material, 
forming  the  base  of  the  Portage  system,  to  be  described  here- 
after. 
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The  thickness  of  the  formation  in  the  well  at  Ithaca,  as  given 
by  Ashburner  and  Prosser,  is  100  feet.  Along  Seneca  lake  there 
is  opportunity  to  allow  a  larger  figure,  bat  owing  to  the  difficulty 
of  determining  dip  in  this  rock  its  precise  thickness  remains  a 
naalter  of  conjecture.  In  the  creek  at  Highland  Landing,  the 
entire  height  of  the  bank  (about  120  feet)  is  exposed  in  one  spot 
by  a  road  descending  into  the  ravine;  the  entire  section  here  is 
within  the  Genesee.  Addition  must  be  made  to  a  moderate  but 
uncertain  extent,  corresponding  with  exposures  in  the  bed  of  the 
brook  for  a  furlong  or  more,  down  to  a  cascade  formed  by  the 
Tully  limestone. 

The  exiroaures  in  Lodi  glen  present  the  same  difficulty  as 
regards  dip.  The  Tully  limestone  dips  between  N.  and  N,  W. 
for  the  great  part  of  its  exposure,  and  the  Genesee  a  little 
west  of  (D)  the  main  fall,  dips  in  the  same  direction  for  a  short 
distance,  but  the  reverse  may  be  true  in  the  interval  C-D.  The 
data  of  elevation  were  obtained  as  follows ; 

A-B,  20  feet,  hand-level,  somewhat  uncertain. 

kB-C,  50,  the  same,  more  reliable. 
■'C-D,  90,  three  aneroid  observations  agreeing  c 
Height  of  falls,  1^5,  Gibson's  map.    Includes  7  feet  of  Genesee, 

Chasm  above  falls,  from  rails  on  bridge,  60,  aneroid  repeated. 
Total,  338. 

Elevation  of  track  at  station  close  by,  785  A.  T.  Seneca  lake, 
441;  track  above  lake,  3i4;  error,  6. 

The  lakeside  exposures  are  poor  on  Cayuga  lake.  Those  on 
Seneca  lake  (fig,  21)  begin  one  and  one-half  miles  south  of  Lodi 
Point  and  disappear  under  the  Portage  beds  at  Faucett's  Point, 
a  short  distance  north  of  the  county  line.  They  do  not  de&ne 
the  thickness. 

In  the  "  Higher  Devonian  Faunas  of  Ontario  County,  New 
York,"  by  J.  M.  Clarke,  a  peculiar  layer  is  described  as  occupy- 
ing a  position  near  the  middle  of  the  Qenesee  shale  from 
Canandaigua  lake  westward.  This  layer  consists  of  a  hard  lime- 
stone, more  or  less  schistose,  a  foot  in  thickness,  composed 
almost  entirely  of  shells  of  Styliola  fiaaureUa,  and  hence  named 
the  Styliolli  limestone.  Search  was  made  for  this  rock  along  the 
Seneca  lake  exposures,  but  without  success.    The  exposure  of 
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120  feet  in  the  bank  of  Highland  creek  ("  Sixteen-mile  creek  "  of 
Gibson's  map)  is  an  advantageous  one,  and  was  attentively 
scanned,  but  with  negative  results.  The  possibility  remains  that 
it  exists  in  the  lower  layers  in  the  stream-bed,  but  its  presence  ia 
not  indicated  by  any  falls,  in  this  or  other  ravines. 

Portage  Beds.' 

The  transition  from  Genesee  to  Portage  in  Tompkins  county  is 
eflFected,  according  to  II.  S.  Williams  (Fossil  Faunas  of  the 
Upper  Devonian,  p.  10),  by  "two  thick  sandstone  layers 
separated  by  a  few  inches  of  shale,  the  whole  about  four  feet 
thick ;  in  these  sands  and  shales  there  are  great  numbers  of 
pyrite  nodules  from  the  size  of  a  pea,  or  smaller,  to  an  inch  and 
over  in  length.  No  fossils  were  observed  in  these  first  beds. 
Following  the  sandstone  are  the  sandy  shales,  characteristic  of 
the  Portage  group,"  etc. 

The  corresponding  layers  are  well  shown  in  the  base  of  the 
cliff  just  south  of  Faucett's  Point ;  also  in  the  two  Lodi  glens^ 
especially  the  southern  one.  At  Faucett's,  the  layers  in  question 
are  covered  with  water  in  some  stages  of  the  lake,  and  hence  the 
rock  displays  chemical  erosion,  with  cavities  marking  the  disap- 
pearance of  pyrite.  They  comprise  a  mass  of  heavy  gray  and 
green  sandy  shale,  two  feet  and  more  in  thickness,  which  is 
sometimes  compacted  in  nearly  solid  courses,  and  sometimes  is 
indistinguishable  from  the  shale  above  it.  The  upper  part  (one 
foot  or  more)  was  not  observed  to  be  fossiliferous.  The  lower 
foot  varied  from  point  to  point;  now  consisting  of  large  con- 
cretions of  very  tough  limestone  with  pyrite  nodules  (above 
noted);  now  embracing  considerable  masses  of  small  branching 
coral  (cladochonus),  which  serves  to  identify  the  corresponding 
layers  in  Lodi  glea  ;  and  again,  consisting  of  only  a  thick  bedded, 
irregular  sandy  shale.  The  band  here  described  was  traced  for 
1,000  feet  north  of  the  Point ;  still  further  north  its  presence 
was  indicated  by  large  fallen  blocks  containing  the  coral. 

At  Lodi  the  band  runs  some  six  to  eight  feet  abov^e  the  base  of 
the  falls.  It  is  difficult  to  trace  it  along  the  wall  of  the  ravine ;  it 
varies  in  apparent  thickness  and  becomes  merged  in  the  other 
shales. 
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For  a  description  of  the  fauna  of  this  basal  rock  the  reader  is 
referred  to  a  note  kindly  furnished  by  J.  M.  Clarke,*  No  distino; 
tion  was  found  between  the  different  localities,  in  respect  to 
fossils. 

The  "Transition  shales,"  of  wide  distribution  in  Oatario, 
Yates  and  Livingston  counties,  are  faintly  indicated  in  three  or 
four  feet  of  shale  at  the  foot  of  the  Lodi  fall,  and  a  little  at  the 
top  of  the  bank  in  Highland  creek.  At  Faucett's  they  ai* 
absent.  I 

Above  this  layer  there  is  green  sandy  shale  with  a  few  layow: 
of  thin  hard  sandstone.  This  material,  however,  is  replaced 
twice  within  the  iirat  hundred  feet,  as  may  be  seen  in  the  seo- 
tions  (ligs.  26,  27)  —  first,  by  10  feet  or  more  of  excessively  frafl- 
black  shale,  stained  brown  by  iron,  and  second,  by  a.  40-fooli; 
layer  of  less  fragile  black  shale  quite  like  the  Genesee.    Band- 
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atone  in  oonsiderable  qoantities  oconrs  after  the  first  100  feet ; 
sparsely  below.  Bows  of  concretions  ocoar  at  f  reqaent  intervals 
in  the  cliff. 

The  lower  sections,  as  seen  in  Ontario  connty,  exhibit  a  like 
recnrrence  of  material  lithologically  similar  to  the  Oenesee 
shale  — '  itself  a  recurrence  of  the  Maroellos  shale.  As  described 
by  J.  M.  Clarke  they  comprise,  1,  green  shales  and  a  little 
flagstone,  10  to  15  feet;  8,  black  bituminous  shales,  the 
^^ower  black  band,"  about  40  feet;  8,  greenish  soft  or  sandy 
shales  with  flags  and  many  concretions,  not  less  than  150  feet ; 
4,  black  shales,  6  to  10  feet ;  5,  flagstones  and  sandy  shales,  160 
feet.  Above  this  lie  BOO  feet  of  heavy-bedded  gray  and  greenish 
sandstones,  with  some  flags  near  the  base. 

H.  8.  Williams  estimates  that  the  Portage  fauna  in  the  merid« 
ian  of  Ithaca  is  distributed  through  approximately  1,800  feet  of 
strata.  Clarke  estimates  the  Portage  rocks  for  Ontario  county 
at  600-700  feet. 

We  may  assume  1 ,200  feet  as  a  large  allowance  for  the  thick- 
ness of  the  Portage  beds  in  the  western  part  of  Seneca  county. 

Loxonemaraxletj,  with  Teryflne  ribs r 

Stt/liolina  JUsurelta^Htkll .*. co 

BudiMaretroetHcWa'r.Buch ...     » 

PakeoneUo  muta.  Hall o 

P.  gp. 

Ijunulicardium  fragile.  Hall o 

Atrypa  reticularUi,  Lin O 

Amboc(xlia\imbotuita.B.a,\\ o 

Spirifer  like  S.  aubumhona  with  minute,  erect  splnules  on  the  concentric  surface  Unes r 

Chonetea  scitula,  KbW o- 

Liorhynch ua  meaacoHtalitt,  Hall  r 

Orthothetft,  a  gmall  species  occurring  In  the  Portage  fauna  of  the  Naples  section r 

OrI>icu/oid<*a,  a  very  small  form r 

LinffulatpoUv lata.  Ball o- 

Cladochontu,  a,  species  occurring  throughout  the  central  New  York  sectiona  at  the  base  of  the 

Portage ;  in  the  Canandaigua  lake  section  also  In  the  Styllola  limestone eo 

After  careful  examination  Dr.  Lincoln  reports  no  evidence  In  Sonets  county  of  the  Styliola. 
linif stone  which  seems  to  api)ear  flrst  in  Yates  county  and  extends  thence  westward  nearly  to  Lake 
Erie;  a  layer  lying  in  the  midst  of  the  Oenesee  shales  and  containing  many  fossils  which  characterlxe- 
and  herald  the  fauna  of  the  Portage  group. 
The  fauna  of  this  Lodi  llmostono  is  especially  to  be  noted  for  the  following  points : 
It  shows  the  incoming  of  a  true  Portage  fauna  (fauna  with  OonititUea  intumeaoeiui),  as  evinced  by 
Oon.  Pateraoni,  Palfrotrm'hua  prcecuraor,  Loxonenia  Noe,  Pleurotomaria  oap<//aria,  large  form. 
It  also  carries  certain  brachiopods  which  show  the  continued  influences  and  presence  of  the  Ithaca, 
fauna  or  eaHtern  reprcHeutativo  of  the  Portage  group :  Atrypa  reticularta,  Liorhynohua  meaa^HMttUUt 
Spirifer  ct.  aubumhona,  species  which  do  not  appear  In  the  true  Portage  fauna.  Inriewofthe 
earlier  appearance  of  a  concretionary  limestone  layer  In  the  (}enesee  shales  (Styliola  limestone) 
in  more  westerly  meridional  sections  where  the  normal  Portage  fauna  Is  developed,  in  which  a  true 
intumescens  fauna  appears,  similar  to  that  here  noticed  except  in  the  absence  of  the  certain. 
brachiopod  elements,  a.s  well  as  the  pre-eminent  absence  of  calcareous  layers  from  the  arenaceous 
Portage  beds,  I  should  be  dltiposed  to  regard  this  layer  as  the  final  stratum  of  the  Oenesee  division. 

J.  M.  CLARKE. 
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■.-  j.'-3^ie'Tiighest  points  in  the  conntj  are  about  Prospect  hill,  and 
may  be  estimated  (do  data  being  on  record)  at  1,200  or  l,30Ll  feet 
above  tide  —  say  SnO  feet  above  Seneca  lake.  From  this  it 
appears  probable  that  the  highlands  of  the  southern  part  of  the 
county  fall  short  of  the  uppermost  Portage  beds  by  several  hna- 
r  dred  (400  i)  feet.  The  thick-bedded  sandstones  of  the  highest 
s  do  not  appear  on  these  hills. 

Thickness  and  Dip  of  Rocks. 

The  neceasity  of  revising  our  estimate  of  the  thiclcnesB  of  the 
formations  of  central  New  York  has  been  pointed  out  by  Prosser 
1  the  American  Geologist  for  October,  1S90. 

Fur  the  Salina  grouj)  we  have  the  evidence  of  several  wells 
Srilled  for  gas,  which  give  a  probable  thickness  of  about  1,000 
feet,  the  southernmost  well  indicating  aa  actual  980  feet.  At 
Geneva  the  Nester  well  went  1,U0U  feet  to  the  Niagara;  from 
which  must  be  subtracted  the  thickness  of  the  Corniferous  and 
part  of  the  Marcellus,  say  100  feet,  leaving  a  probable  1,100 
feet. 
K  The  thickness  of  the  Upper  Helderberg,  as  far  as  exposed,  is 
f'Bi+$+2=-i-2  feet,  but  is  doubtless  considerably  greater.  These 
figures  represent  the  Avery  quarry,  the  Waterloo  river  stone  and 
the  Onondaga  limestone  at  McQuane's. 

The  Corniferous  limestone  measured  at  the  Ithaca  well  78 
feet. 

The  Marcellus  can  not  be  closely  estimated.  Clarke  considers 
it  about  100  feet  thick  in  Ontario  county,  but  farther  west  its 
upper  limit  becomes  very  uncertain.  Ithaca  well,  82  feet.  The 
Hamilton  was  estimated  by  Hall  at  "  not  less  than  1,000  feet "  in 
this  region.  The  Ithaca  well  gave  1,142  feet.  The  distance 
from  a  mean  point  in  the  Hamilton  to  Ithaca  is  25  miles  ;  that 
from  a  mean  point  in  the  Salina  to  Ithaca  is  42  miles ;  and  the 
change  in  the  thickness  is  very  great,  being  perhaps  at  Ithaca 
twice  what  it  is  at  Seneca  Falls. 

The  Tully  limestone  is  not  far  from  IS  feet  in  thickness.  In 
Ithaca  well  it  was  30  feet,  with  which  compare  S.  G.  Williams's 
statement  that  the  thickest  outcrop  at  Cayuga  lake  measures  IS^ 
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feet ;  that  it  is  generally  thicker  in  the  O wasco  valley,  one  section 
being  ^3  feet  thick. 

For  the  Genesee  shale  the  Ithaca  well  gives  100  feet.  It 
appears  to  be  thicker  at  Lodi  and  Highland. 

The  following  is  a  part  of  the  table  given  by  Prosser  for  the 
Ithaca  welly  quoted  from  Ashbamer.  It  is  in  the  valley  one- 
quarter  mile  south  of  the  town,  396  feet^  A.  T. 


Depth. 

Thlekne'fl. 

340 

840 
"lOO 

(lower)  Portage  shales  and  sandstones. 
Genesee  black  shale. 

440 
470 

80 

1,142 

Tully  limestone. 

Hamilton  shales  and  sandstones. 

1,612 

82 

Maroellus  black  shale. 

1,604 

••"^Q* 

Comiferous  limestone. 

1,772 
'i',786' 

1,900 

09  •  •  •  •  • 

18 

116 

"1I285 

Oriskany  sandstone. 

Lower  Helderberg  limestones. 

Salina  (not  through). 
Bottom  of  well. 

\ 

The  dip  of  the  strata  is  also  more  steep  than  has  been  sup- 
posed. 

instances  of  local  disturbance  and  reversal  of  dip  are  frequent. 
Examples :  Seneca  Falls,  river,  excessive  to  S.;  Corniferous  quar- 
ries, dip  in  all  directions ;  Tally,  two  anticlines  on  Seneca  lake ; 
quarry  at  Willard  ;  Genesee,  small  anticline  of  15  feet  height  in 
railroad  cut  at  Willard. 

A  general  inclination  to  the  S.  W.  is  commonly  noticed  by 
quarrymen  in  the  east  side  of  the  county,  among  the  sandstones. 
The  same  may  be  assumed  with  probability  as  the  cause  of  the 
oblique  position  of  the  Upper  Helderberg  beds  across  level 
country.     S.  6.  Williams  assumes  it  as  representing  the  dip  of 
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the  Tuliy;  in  which  I  must  concur  with  him.     The  leatiing  facts 
in  the  case  of  the  Tully  are  these: 

From  the  most  northern  exposure  the  Tully  descends  400  feet 
in  four  miles,  into  Seneca  lake ;  then  runs  four  and  one  half  miles 
practically  on  a  level ;  /.  e.,  with  two  bends  of  50  feet,  ending  at 
the  lake  level  again.  From  the  northern  exposure  to  a  point  near 
Cayuga  lake  equivalent  in  altitude  to  Seneca,  brings  us  to  the  creeks 
just  south  of  Kidder's  Landing,  two  miles  farther  south  than  tho 
foot  of  the  western  dip.  It  is  nearly  level  for  three  miles  south  of 
this.  A  line  <'onnecting  these  points  runs  about  W.  15'  N.,  and 
may  be  taken  as  the  axis  of  the  fold.  A  line  drawn  from  the 
northern  exposure  vHrtical  to  this  lino  would  be  three  miles  long, 
wliich  would  give  a  dip  of  ^\^  =  133  feet  to  the  mils,  at  this 
point,  succeeded  southerly  by  nearly  horizontal  strata  for  a  few 
miles  The  important  anticlinal  south  of  Trumansburg  does  not 
affect  the  county- 
Subordinate  in  magnitude,  but  confirmatory,  is  the  dip  of  the 
Hamilton  in  the  western  part  of  Fayette  and  Varick.  The  single 
exposure  of  the  base  of  the  Hamilton,  in  the  form  of  a  coral  bed 
or  reef  on  the  summit  of  a  hill,  1:00  feet  above  Seneca  lake,  is 
rediscovered  at  the  lake  level  four  miles  S.  l.i"  W.;  and  at  two 
and  one  half  niilew,  pcrhaiis  2^  feet  above  the  lake  in  Reeder's 
creek.    The  latter  corresponds  to  a  dip  of  70  feet  per  mile. 

The  general  average  of  thickness  for  the  Hamilton  group  maybe 
taken  between  West  Fayette  station  (608  A  T.)  and  Willard  quarry, 
eight  and  one-half  miles  due  south  (556  A.  T ).  Allowing  53 
feet  in  addition  to  1,14^  (Ithaca  well),  we  have,  in  round  nam- 
bers,  ifj"  =  141  feet  dip  to  the  mile.  Using  Hall's  estimate  we 
have  ^^  —  lti3.  Measurement  along  the  supposed  axis  of  dip 
N.  15°  E  ,  does  not  materially  alter  the  result. 

It  is  evident  that  the  dip  of  the  Marcellus  and  the  Upper  Hel- 
derberg  is  at  a  very  different  angle  from  the  above,  unless  our 
estimates  of  their  thickness  are  altogether  wrong.  It  is  uncer- 
tain where  their  upper  limit  lies.  There  is  a  distance  of  8  +  miles 
between  known  exposures,  from  Waterloo  to  bluffs  north  of 
Reeder's  creek,  on  the  same  level.  On  a  N-S  line  10  miles  is  not 
improbable,  giving  ^  =  16  feet  of  dip  per  mile. 

It  is  easy  to  play  with  figures ;  but  perhaps  the  fairest  average 
tate  ment  is  the  following,  which  is  based  on  exposures  at  the 
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water's  edge,  as  near  as  ascertainable,  along  the  western  line  of 
the  county : 


FORMATION. 


Salina 

Upper  Helderberg, 

Marcellus. 

Hamilton 

Upper  Devonian . . 

Mean 


ThlcknaM. 


} 


1,000 

160 

1 ,  100 
260? 


S,510 


DMuiM. 


e  (+10) 

10 
9 


m 


Dip 
per  mile. 


16 

193 
88 


80 


Omitting  the  Salina  and  measuring  obliquely  from  MoQuane's 
(Upper  Helderberg)  to  the  S.  W.  comer  of  the  county,  we  haVe 
the  same  result,  viz.:  y^  =  '60  feet  dip  per  mile. 

Clay,  Brick,  Tile. 

Most  of  the  clay  in  the  county  is  included  in  the  belt  previously 
described,  and  is  of  glacial  origin.  It  was  deposited  when  the 
lakes  were  much  higher  than  at  present ;  a  condition  generally 
referred  by  geologists  to  the  closing  periods  of  the  Ice- Age.  In 
a  wider  sense,  all  the  clay  of  this  region,  including  late  deposits 
in  isolated  hollows,  is  '^  glacial,"  inasmuch  as  its  particles  must  be 
derived  from  the  general  covering  of  till. 

A  distinction  is  necessary  between  the  clays  of  the  Hudson 
River  region  and  those  of  central  and  western  New  York  in 
this  latitude.  Of  the  former  it  is  noted  that  the  upper  layers  are 
yellow ;  from  Syracuse  to  Buffalo  the  same  layers  are  deep  red* 

The  under  clay,  in  Seneca  county,  is  called  "  blue "  by  those 
who  make  brick  and  tile,  but  the  name  is  applicable  only  by  a 
technical  fiction.  The  color  is  simply  a  lighter  red,  varying  in 
shade.  When  burnt,  however,  it  turns  a  light  buflf,  while  the 
top,  or  "red"  clay,  turns  red,  increasing  in  darkness  as  it  is 
longer  baked.  This  difference  doubtless  arises  from  the  presence 
of  a  considerable  amount  of  lime  carbonate  (and  magnesium 
carbonate),  which  has  been  removed  by  leaching  from  the  upper 
layers. 
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The  most  interesting  section  of  clay  lies  a  few  rods  beyond  the 

',  county  limits,  to- wit,  in  the  north  part  of  Geneva  near  the  Lehigh 

I  Valley  station.  Thetop  of  thebankis  here6n-(- feetabovethelake. 

As  this  is  a  part  of  the  clay  sheet  of  Seneca  county,  I  take  leave 

I  todescribo  it,  using  "  red  "  and  "  blue  "  in  their  ordinary  meaning. 

SaotioH  OP  Clat,  Tobh».y  Pabe,  Gbskva. 
Bed  clay  at  top,  not  sfaoning  lamination,  not  effurveecing  with 

H  tl 1      1 

Bed  clay,  well  laminated.     Reactinn  to  H  CI,  in  the  lower  1^ 

feet.     Some  Ultle  stones  at  3^-li  feel 4      6 

Band  with  s>oroe  folia  of  red  clay,  moiitly  tevol  titratification  . .     9     14 
Purplish- blue  and  dark  blue  clity  (i-unuing  60  feet),  6  inohoa 

thick.    Sami,  6  iuubeii I     16 

Parjilish    blue    clay    4    inches,    ruus    00    feet.     Mostly   sand, 

alfout  5  feet 5     90 

The  blue  clays  and  the  sand  between  them  reacted  to  HOI. 
This  is  the  only  blue  clay  in  the  belt  from  Geneca  to  Cayuga 
lake,  aa  far  as  seen,  except  at  Thomas'  quarry.  AnoLher  typical 
section  gave  the  following: 

Clay  of  upper  part  unetratified  in  appearance. 

lamination  broadly  Been  at , 'SO 

'  Reaction  to  H  C),  none,  down  to ,,,. 2t 

Lamination  quite  iilnin,  rt'ai'tf  wpli 20 

Concretionary  l.iv-r  lihiy  lii'.U'-)  lici^ins 30 

Tongh  quality  of  clay  eonlmuea  to 84 

Change  to  a  lighter,  but!  day  containing  much  sand,  reacting  at 

all  points 44 

Continuing  to 76 

These  sections  illustrate  the  effect  of  oxidation  and  leaching, 
in  the  following  points : 

Color,  due  to  formation  of  hydrated  iron  peroxyd. 

Deoalcijication,  to  depth  of  two  to  three  feet,  indicated  by 
loss  of  reaction  to  HCl. 

Concretiona,  a  usual  phenomeaon,  at  a  little  way  below  the 
limit  of  decalcification.  They  are  mostly  from  one  to  four  inches 
in  size ;  soft  and  impure ;  of  a  very  light  chocolate  color ;  in  the 
form  of  disks,  oddly  grouped,  placed  horizontally,  or  of  fingers, 
placed  vertically. 

Loss  of  lamination,  the  upper  clay  becoming  a  uniform  dark 
chocolate  mass,  breaking  in  cubic  forms. 
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Pebbles  of  limestone  generally  disappear  from  the  deoaloifted 
part. 

The  channel  of  a  rivulet,  15  feet  deep,  oocors  at  this  place, 
bringing  the  section  to  an  end.  The  oxidation  changes  follow 
the  slope  down;  the  physical  changes  and  the  reaction-point 
keeping  at  the  same  distance  as  osoal  from  the  sarface. 

The  lamination  of  the  lower  or  ^^blae"  clay  is  often  marked 
by  delicate  folia  of  the  finest  sand ;  by  alternations  of  chocdlatei 
brownish  and  bluish  tints;  and  by  a  beautifol  alternation  of 
shades  from  brick  red  to  cream  color  in  the  day  when  bomt 
without  kneading.  By  selecting  the  proper  layers  of  ^'  blue  day  " 
a  cream-colored  brick  of  great  hardness  and  good  appearance  haa 
been  produced  at  Geneva.  It  is  worth  while  to  ascertain  whether 
such  material  can  be  used  for  making  ornamental  pottery. 

A  peculiar  section  was  shown  at  Seneca  Falls  in  excavating  for ' 
the  cellar  of  the  new  hotel,  about  440  feet  A.  T.,  in  1894.    Total 
thickness,  6-7  feet. 

1.  Loose  top-soil,  moderate  depth. 

2.  A  whitish  clayey  layer. 

8.  Chocolate-colored  clay  in  places,  not  laminated. 

4.  A  whiter  day  with  distinct  lamination. 

5.  For  the  lower  foot  or  two  the  material  resembled  disinte- 
grated till,  being  composed  of  sand,  gravel  and  stones,  many  of 
which  have  the  characteristic  shape  and  striations  of  till-stone. 
Too  little  compact  for  till,  and  not  considered  as  "hard-pan'*  by 
the  diggers. 

At  Thomas'  quarry,  south  of  Waterloo  village,  two  sections  of 
clay,  etc.,  upon  the  limestone  knoll,  60  feet  (?)  above  the  level  of 
Seneca  river  and  lake.  (1)  Till,  5  feet;  red  clay,  handsome  and 
well  stratified,  18  inches ;  tawny  fine  sand,  6  feet.  (2)  Till 
absent;  darkish,  purplish  clay,  interlaminated  with  blue,  16 
inches ;  red  clay,  30  inches. 

The  clay  at  Willour  and  Pontius'  tilery,  five  miles  south  of 
Waterloo,  is  classed  with  the  other  clays  of  the  red  belt.  It  lies 
in  the  valley  of  Kendig's  creek ;  at  100+  feet  above  Seneca  lake. 

Rorison's  quarry,  two  miles  south  of  Seneca  Falls,  is  covered 
with  30  inches  of  the  red  upper  clay. 
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The  clay  at  Yerkes'  tilery,  in  Komulus,  is  a  slate 
oiated  with  vegetable  matter  and  shell  deposits. 

The  eight-inch  layer  of  gray,  fossil  clay,  described  as  occurring 
in  the  Upper  Ilelderberg  limestone,  is  in  too  small  amount  for 
practical  uses .     It  was  tried  with  poor  success  at  the  Waterloo 
,  tilery;  it  burns  to  a  light  color. 

Much  clay  exists  in  local  sheets  and  patches,  in  the  uplands,  of 

I  which  I  have  not  been  able  to  take  account.    In  Covert,  near  the 

^  lake,  are  stated  to  be  thick  deposits  of  yellow  claj'.    The  choco- 

I  late  clay  of  the  delta-terraces  has  been  mentioned  j  some  of  that 

I. Mod  was  once  used  for  making  brick  at  Willard,  but  it  is  not 

found  in  sufficient  quantity,  and  their  present  supply  of  bricks  is 

made  elsewhere.     In  Tyre  there  are  scattered  deposits  of  clay; 

bricks  were  formerly  made  at  Tyre  City,  but  the  clay  is  said  to 

be  too  sandy,  not  sufficiently  stiff,  and  not  abundant. 

Four  establishments  produce  drain  tile,  two  brick  (one  idle), 

f  and  one  combines  the  two  manufactures.     The  tile  is  of  excellent 

quality.     The  brick  is  serviceable  rather  than  ornamental. 

A.  Whartenby,  of  Waterloo,  makes  Agricultural  Tile, — 
[  The  first  manufacture  of  this  article  in  New  York  was  com- 
'  menced  by  Benj.  F.  Whartenby,  at  Waterloo,  in  183&--40,  using 
Scotch  tiles  as  models.  They  were  at  tirst  made  on  a  wliofJ,  and 
with  his  son's  assistance  in  mixing  and  preparing  clay,  he  was 
able  to  make  300  or  400  in  a  day.  This  manufacture  was  begun 
at  the  instigation  of  Messrs.  John  Johnston  and  John  Delatield, 
who  subsequently  (l8i--9)  imported  an  English  tile  machine  for 
Mr.  W.'s  use,  by  which  2,000-3,000  could  be  made  in  a  day. 
The  figures  are  given  from  memory  by  the  son,  A.  Whartenby, 
who  now  runs  the  establishment.  This  machine  was  worked  by 
hand;  it  was  used  10  or  15  years,  and  is  now  preserved  in  the 
Agricultural  Museum  at  Albany.  Previous  to  its  purchase  the 
tiles  were  made  by  rolling  clay  into  a  sheet  and  wrapping  it 
around  a  wooden  pin. 

The  work  is  done  at  present  with  an  Abr.  Latourette's  ma-, 
chine,  run  by  horse  power,  capable  of  turning  out  2,500-3,000 
in  a  day,  according  to  sizes.  The  kiln  holds  10,000-12,000.  The 
men  are  on  reduced  time,  so  that  10  days  are  required  to  fill 
the  kiln.  Burning  takes  three  days  and  nights ;  cooling  two 
days ;  removal  one  day.    The  average  product  is  50,000-75,000 
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in  a  season.  Two  patterns  are  used,  the  horse  shoe  (from  2^  to 
13  inch  diameter),  and  the  flat-bottomed  (9  to  6-inch).  The  clay 
is  got  from  a  field  on  the  north  bank  of  the  canal,  in  the  western 
part  of  the  village.  The  beds  run  a  foot  below  the  water  leveL 
They  comprise  two  feet  of  red  clay  on  top,  separated  from  fi^e  feet 
of  blue  by  a  few  inches  of  alternate  sand  and  clay.  The  strata 
dip  toward  the  canal,  the  sand  becoming- very  thick.  The  clay 
rests  on  quicksand.  The  ^'  blue "  is  red  with  a  purplish  tinge. 
A  portion  of  red  clay  is  also  found  five  feet  below  the  surface^ 
under  the  blue.  The  blue  is  said  to  be  too  ^^  strong,''  i.  e.,  tena- 
oions  and  adhesive,  by  itself,  and  is  improved  by  admixture  of 
the  red. 

The  clay  is  put  into  a  bin  and  used  as  fast  as  wanted.  It  is 
mixed  by  hand  in  the  bin,  shoveled  into  the  drum  of  the  machine, 
where  it  is  cut  and  "  tempered  "  with  knives,  forced  through  a 
screen  to  remove  stones,  and  at  last  pushed  through  a  die  upon 
revolving  rollers. 
The  fuel  is  wood,  as  is  usual  in  these  parts. 
It  is  claimed  as  an  advantage  for  this  tile,  that  it  is  more 
porous  than  some  others. 

Wm.  M,  Culley,  successor  to  Dixon  &  Whitwell,  Geneva  Tile 
"Works,  address  Geneva.  Located  in  Waterloo,  near  the  Geneva 
boundary,  in  low  land  at  foot  of  lake.  The  red  clay  at  top  is 
three  feet  thick,  the  blue  is  of  unknown  thickness,  and  for  reasons 
connected  with  drainage  has  been  cut  only  five  feet.  It  is  cut  in 
the  fall  and  weathers  until  required  in  the  spring.  The  season 
for  making  tile  is  from  May  1  to  the  beginning  or  middle  of 
September;  the  moist  unbaked  tile  is  spoiled  by  frost.  The  two 
clays  are  mixed,  wet,  in  a  pugging  machine  run  by  one  horse. 
No  sand  is  added.  Next  season  it  is  intended  to  cut  only  four  feet 
of  blue  clay.  Stones  have  to  be  removed  by  hand.  The  tile  is 
made  in  two  Dunning  hand  machines,  each  run  by  two  men.  It 
is  piled  in  a  Dixon's  kiln,  holding  30,000,  the  process  requiring 
two  or  three  days.  Burning  takes  four  days  and  three  nights ; 
cooling,  three  or  four  days ;  unloading,  two  or  three  days. 

There  are  two  kinds  made,  pipe  and  horse-shoe ;  the  latter  is 
liked  for  low-lying  grounds,  and  is  set  on  boards  in  the  trench; 
is  thought  not  to  break.  The  diameters  of  the  pipes  are  of  five 
grades,  ranging  from  two  to  five  inches;  of  the  horse-shoes, 
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I  Sand. 

I  Bu0ding  sand  of  good  quality  is  found  at  the  pits  north  of  Seneoa 
9  Falls,  as  previously  described.  It  is  said  that  still  better  is  found 
I  at  Oaks  Corners,  Ontario  county,  where  very  large  excavations 
fcof  2')  feet  in  depth  have  been  made  in  the  alluvial  plain,  east  of 
tthe  Nevf  York  Central  station.  In  connection  with  the  gravel  pita 
I  At  West  Junius  there  are  sand  deposits  used  for  this  purpose  and 
fclor  plaster.  For  the  high  lands  supplies  of  sand  can  be  found  in 
litiie  delta-terraces.  That  near  the  water's  edge  at  Willard  seems 
L  to  have  been  used  for  building  within  the  Hospital  grounds, 
I  but  at  present  it  is  found  advantageous  to  draw  the  supplies 
I  from  a  vast  deposit  at  the  lake  side,  the  sand  bluffs  at  Long 
r  Point,  which  lies  opposite  Willard. 

I      The  very  extensive  deposits  of  buff  sand  which  cover  many 
I  miles  of  land  in  Waterloo  and  Junius  are  not  useful  for  mortar- 
making.     The  sand  is  altogether  loo  fine,  and  lacks  "sharpness," 
or  the  quality  of  setting  quickly  and  strongly.     It  is  used  in 
brick  making  for  coating  the  inside  of  moulds.     The  sand  is 
ferruginous ;  some  of  it  is  highly  so,  and  would  bake  to  a  deep 
■  oherry  red  on  the  surface  of  the  brick.    The  sand  used  for  mak- 
f  ing  moulds  by  the  iron  founders  at  Geneva  is  brought  from  a 
distance;  that  of  the  vicinity  does  not  serve,  a!thouj>;h  siniihu-  in 
appearance  —  it  does  not  hold  together  well.     Lake  sand  is 
dredged  from  the  shallow  water  of  the  north  end  of  the  lake  for 
making  cores  for  castings;  this  would  also  make  a  fair  mason's 
sand,  thongh  not  quite  coarse  enough. 

Sandstone. 

The  sandstone  of  the  Portage  group  takes  the  form  of  slabs 
or  flags.  Flagstone  quarries  have  been  largely  developed,  chiefly 
on  the  eastern  side,  and  have  proved  a  source  of  considerable 
profit  in  former  time,  though  at  present  few  are  worked. 

The  lower  layers,  op  to  at  least  100  feet,  are  not  worth  work- 
ing. This  is  obvious  on  inspecting  the  exposure  at  Lodi  falls. 
A  quarry  at  140  feet  above  the  base  of  the  formation  was  men- 
tioned to  me  aa  giving  stone  of  insufficient  strength  for  bridges. 
The  disused  quarries  in  Ovid  village  may  be  at  even  a  tower 
leveL    At  Faucett's  Point,  SOO  feet  above  the  base  of  the  format 
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tion,  the  product  seemed  to  be  what  it  was  claimed  to  be,  very 
tough  and  suited  to  cover  culverts  in  roads. 

A  series  of  14  of  more  quarries  extend  along  the  east  shore 
of  Covert  for  nearly  six  miles,  at  the  distance  of  half  or 
three  quarters  of  a  mile  from  the  lake,  and  probably  400  feet 
above  it,  which  would  be  250  feet  above  the  base,  if  150  is 
allowed  for  the  Genesee  shale.  This,  with  the  neighboring 
quarries  at  Trumansburg  and  Taughannock,  forms  the  district 
of  typical  development  of  the  industry.  At  present  only  one 
quarry  is  worked  at  this  point  in  Covert,  and  another  is  expected 
to  open  next  season.  Those  at  Taughannock,  with  some  advan- 
tages of  position,  are  working. 

The  quality  of  the  stone  varies  and  much  poor  material  has 
formerly  been  disposed  of  at  cheap  rates.  Some  layers,  appar- 
ently solid,  go  to  pieces  under  the  hammer.  Scaling  sidewalks 
and  splitting  wall  stones  may  be  seen.  But  when  well  chosen 
the  flags  retain  their  position  among  the  very  best  materials  for 
walks.  The  stone  is  of  a  very  high  degree  of  tenacity  and  dura- 
bility, and  does  not  become  slippery  by  wear.  Sills  and  cap- 
stones are  also  made  of  it.  It  is  found  of  sufficient  thickness 
for  basement  story  work  with  rough  face,  for  which  it  is  now 
being  used  at  Willard's  Hospital,  and  makes  a  handsome  wall. 

Quarrying  is  facilitated  in  the  Covert  district  by  the  compara- 
tive lightness  (1-8  feet)  of  the  drift  layer.  In  the  more  elevated 
and  central  parts  the  drift  is  much  heavier  and  has  proved  a 
barrier  to  operations.  The  largest  quarry  in  the  district  is  the 
Ogden.     There  are  also  some  large  quarries  near  Ovid  Centre. 

Cleaved  surfaces  are  slightly  uneven ;  sawing,  for  the  produc- 
tion of  smooth  surfaces,  has  not  been  put  in  practice  to  my 
knowledge  in  this  county. 

The  accompanying  view  gives  the  quarry  of  King  &  Robinson, 
who  state  the  following  in  regard  to  it :  The  flags  range  in  thick- 
ness from  two  feet  two  inches  down  to  "nothing."  The  thick  layers 
are  liable  to  split ;  in  order  to  anticipate  this  they  are  artificially 
se])arated  by  wedges  into  convenient  thicknesses  for  slabs.  The 
thickest  layer  that  can  be  relied  on  not  to  separate  spontaneously 
is  eight  inches  through.  Most  of  the  good  flags  are  furnished 
by  one  20-inch  layer;  at  its  greatest  thickness  this  measures  22 
inches  and  runs  40  rods  each  way  (N.  and  S.),  gradually  thinning 
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nntil  it  is  lost,  but  reappears  at  oae-quartor  of  a  mile  farther  and 
increasiDg  to  2b  inches.  This  thickness  was  found  at  the  Ogden 
quarry,  which  was  the  first  opened  in  the  locality. 

Above  this  layer  comes  six  feet  of  shale  ("shuck");  then  4-16 
inches  of  stone  divisible  ia  two  to  six  layers,  and  then  20  feet 
of  shale,  flying  in  fine  pieces  when  blasted,  which  contains  hard 
streaks  (not  of  much  value)  from  one  inch  to  two  feet  in  thick- 
ness. 

The  marketable  slabs  are  found  of  almost  any  length,  and  in 
widths  varying  from  1  to  iO  feet.  The  largest  quarried  here 
was,  Mr.  King  thinks,  12  feet  t*  inches  by  13  feet  9  inches,  and 
was  used  in  the  vault  of  a  bank.  The  largest  ever  quarried  by 
him  were  three  flags  9  feet  G  inches  by  i3  feet,  which  received 
a  premium  at  Philadelphia  in  1S76  for  strength,  texture,  natural 
surface  and  edges. 

A  S.  W.  dip  of  one  and  one-half  inches  in  100  (three  inches  to 
a  rod)  is  found  here  and  in  other  quarries  for  some  miles  to  the 
north. 

The  joints  are  nearly  vertical.  A  main  joint  runs  N.  15°  W. 
(magnetic),  but  it  recurs  at  very  irregular  intervals  (6  to  40  feet), 
and  gives  very  varying  dimensions  to  the  slabs.  No  reliable 
cross  seam  exists.  Subordinate  cleavages  ("  back  seams")  tra- 
verse the  main  joints  in  places,  running  about  N.  10°  W,  extend- 
ing not  over  100  feet  each  way  from  the  main  seam.  Back 
seams  are  confined  to  the  lower  beds  in  the  quarry.  They  are 
well  shown  in  the  view.  Much  injury  to  the  market  worth  of 
the  product  is  caused  by  their  presence,  but  they  are  fortunately 
not  common. 

Another  form  of  objectionable  cleavage  is  found,  usually  run- 
ning parallel  with  the  main  joint,  and  limited  to  a  few  inches 
(not  over  20)  in  the  thickness  of  beds.  Between  two  main 
seams  that  are,  say  30  feet  apart,  there  may  be  from  one  to  ten 
saoh,  at  from  1  to  10  feet  apart.  A  whole  block  may  be  so  cut 
up  that  the  widest  piece  is  not  over  2'>  inches  across. 

Another  source  of  injury  is  found  in  "burl,"  a  formation  of 
concretionary'  origin,  whose  presence  is  shown  by  saucer-shaped 
protuberances  and  depressions  and  circular  dit colorations.* 
Around  the  perimeters  of  burl  the  stone  is  of  eiEcesaive  hardness. 
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and  there  is  a  strong  tendency  in  the  stone  to  crack  or  break  in 
a  ring  at  this  line.  No  marked  change  in  composition  is  appar- 
ent in  the  rock  at  these  points. 

Among  the  causes  for  the  abandonment  of  quarrying. in  this 
region  are  the  following,  in  order  of  importance:  Oompetition 
of  cement  pavement  and  of  Ohio  flags ;  increased  difficulty  of 
quarrying  as  the  work  progresses  landward  (it  has  been  carried 
in  as  far  as  350  feet) ;  seams  and  burl ;  difficulty  of  drainage ; 
distance  from  railroad.  The  latter  is  not  of  prime  importance, 
perhaps,  but  its  bearing  is  seen  in  the  continuance  of  work  at  the 
Taughannock  quarries,  which  are  directly  on  the  line  of  railroad. 
At  the  latter  point,  also,  the  waste  is  easily  dumped  into  the 
6hasm. 

The  product  of  the  quarries  of  Seneca  county  has  largely  been 
consumed  locally,  i.  e.j  within  5  '-100  miles  of  production.  The 
qualities  of  the  stone  are  still  appreciated,  for  sidewalks,  but  it 
appears  that  for  its  production  on  a  large  scale  greater  facilitiea 
are  offered  at  Taughannock.  I  have,  however,  met  several  pro- 
prietors who  were  working  small  quarries  in  connection  with 
some  farming.  The  enterprise  of  the  King's  Ferry  proprietors 
(Cayuga  county)  is  commendable.  They  are  sending  out  picked 
flags  of  large  size,  accompanied  by  their  own  workmen,  for  the 
purpose  of  fitting  and  laying  them. 

* 

Plaster  Rock. 

The  report  of  the  fourth  district  (184:3)  states  that  at  that  time 
five  or  six  thousand  tons  of  rock  were  annually  quarried  as  a 
fertilizer  at  Seneca  Falls.  The  memc»ry  of  this  once  thriving 
business  has  passed  from  the  minds  of  this  generation.  I  found 
but  one  man  who  knew  of  its  former  existence,  his  father  having 
been  engaged  in  quarrying  65  years  ago.  The  industry  still 
exists  at  Springport  (now  Union  Springs)  and  Phelps,  but  the 
"  phosphates  "  of  commerce  have  largely  superseded  plaster. 

A  word  in  regard  to  the  uses  of  plaster  may  be  here  in  place. 
Only  the  impure  article  is  likely  to  be  obtained  from  these  beds, 
if  reopened  ;  its  only  use,  that  of  a  fertilizer.  In  this  capacity  it  is 
at  present  mainly  employed  to  give  bulk  to  substances  which  in 
themselves  are  too  concentrated  for  use,  as  nitrogen  compounds, 
potash  and  the  phosphoric  acid  of  phosphates,  which  are  the  sub- 
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stances  mentioned  in  the  New  York  law  regarding  fertilizers.  It 
appears  tbat  the  plasterer  ae  no  longer  exercises  the  beneficial 
influence  upon  the  soil  that  it  formerly  did  ;  its  function  being  to 
liberate  potash  from  combinations,  its  application  for  a  number 

of  times  exhausts  the  capacity  of  the  soil  for  yielding  its  potash, 
L^ntl  the  beneficial  effect  is  no  longer  observed. 

Road  Metal. 

From  a  strictly  practical  point  of  view  Geology  offers  no 
results  of  more  immediate  concern  than  those  bearing  on  the  ques- 
tion of  road  building.  Attention  has  been  constantly  directed  to 
this  point  in  the  course  of  these  investigations,  A  large  part 
of  the  county,  even  in  the  elevated  tracts,  has  a  clayey  soil,  on 
which  the  attempt  to  make  good  roads  has  proved  a  failure. 

It  must  be  confessed  that  the  true  principles  of  road-making  are 
seldom  if  at  all  followed.  It  is  well  known  that  deep  side  ditches, 
culverts  for  prompt  discharge  of  side  water,  under  drainage  and 
arching  of  the  roadbed,  are  at  the  basis  of  all  success  in  road 
construction ;  but  in  practice  they  are  quite  neglected.  One 
seldom  sees  a  properly  made  dirt  road  ;  and  good  road  metal  is 
commonly  wasted  by  laying  it  on  a  poor  basis,  and  by  neglecting 
to  crush  to  size. 

The  best  road  metal  is  trap,  granite  and  the  like,  which  are  out 
of  the  question  for  country  roads  here. 

Gravel  is  rather  a  rare  product  in  this  district.  Lake  gravel  is 
usually  shale  worn  round,  and  is  then  little  better  than  shale.  It 
is  here  suggested  that  river  gravel  can  be  found  in  considerable 
quantities  in  some  of  the  ravines,  some  of  which  may  prove  suit- 
able for  roads. 

The  country  north  of  Seneca  river  has  no  rock,  not  even  shale. 
That  on  the  south  has  at  least  two  belts  of  limestone,  much  shale 
and  at  the  south  sandstone. 

The  application  of  the  well-known  black  shale  to  the  roads  has 
a  good  effect  for  a  time,  but  the  material  eventually  becomes 
reduced  to  its  original  element,  mud.  I  have  known  a  fine 
road  kept  in  good  order  by  frequent  coats  of  common  Hamilton 
shale  (Moscow  shale)  applied  until  a  great  thickness  was  accumu- 
lated ;  this  was  at  Kidder's  Ferry,  where  no  heavy  produce  teams 
pass.    In  general  this  material  may  safely  be  recommended  for 
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avenues.  No  deliberate  and  well-oondaoted  experiments  upon 
the  value  of  this  very  common  material  seem  to  have  been  made ; 
if  successful  they  would  confer  a  great  benefit ;  but  the  probabil- 
ity seems  to  be  against  success. 

Shale,  the  refuse  of  quarries  of  Portage  sandstonOi  has  been 
applied  to  roads  near  Trumansburg  by  Mr.  King,  but^  as  he 
informs  me,  with  no  great  success.  It  grinds  up  to  sand  and 
mud. 

The  sandstone  of  that  region  is  expensive  to  quarry ;  nor  is 
sandstone  recommended  as  a  road  materiaL 

Certain  parts  of  the  Hamilton  formation  consist  of  a  heavy 
rock  intermediate  between  shale  and  limestone.  Such  rock  is 
found  at  one  or  two  points  along  the  northern  border  of  the 
formation ;  it  is  what  has  been  termed  the  ^^  basal  Hamilton  lime- 
stone." At  or  near  Beary  town,  I  am  informed,  this  material  has 
been  employed  successfully  in  mending  roads.  The  experiment 
deserves  to  be  repeated.  Failure  at  one  locality  need  not  dis- 
courage a  trial  at  another,  as  the  amount  of  lime  in  the  rook 
doubtless  varies  from  point  to  point.  The  material  is  much 
firmer  than  the  common  black  shale  or  ^^  slate."  Exposures  are 
.  marked  H  on  the  map. 

The  belt  of  quarries  in  "  Seneca "  stone  would  furnish  excel- 
lent material.  The  "  stone  road  "  between  Geneva  and  Ovid  is 
roughly  macadamized  with  this  stone,  and  is  certainly  a  fair 
road.  In  the  quarries  which  have  been  discontinued,  owing  to 
distance  from  transportation,  a  limitless  supply  of  serviceable 
material  is  ready  to  the  hand,  which  at  present  is  practically 
worthless.  For  road  metal,  blasting  answers  as  good  a  purpose 
as  the  slow  and  expensive  use  of  bars  and  wedges.  A  plant  for 
stone  crushing  would  be  absolutely  necessary. 

The  Wiilard  Hospital  has  constructed  on  its  own  premises,  at 
practically  no  expense,  a  mile  and  a  half  of  Telford  road,  using 
as  sole  material  the  TuUy  limestone  quarried  in  the  ravine,  a  few 
hundred  feet  from  the  lake.  This  bit  of  road  is  of  importance 
in  several  ways.  It  illustrates  the  value  of  hitherto  unused  and 
wasted  forces  —  the  work,  both  of  quarrying,  transportation  and 
road-building,  having  been  performed  by  the  patients,  with  the 
aid  and  direction  of  the  hospital  assistants,    i  t  forms  a  perma- 
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nent  addition  to  the  property  of  the  Stale.  And  it  is  hoped  that 
it  may  prove  an  object  lesson,  productive  of  direct  benefit  to 
the  neighboring  population,  by  calling  attention  to  their  own 
rdsourcea. 

Two  points  are  of  capital  importance  here.  Firgt,  the  road  is 
a  perfect  success.  Five  years  of  constant  use,  in  the  main  ave- 
nue of  a  population  of  a,5uO,  has  not  injured  it ;  the  work  is 
sound,  and  the  vuUerial  is  perfectly  uuliqtted  to  its  purpose.  It 
forms  an  unbroken,  probably  wator-tight  arch.  It  is  not  slip- 
pery. It  produces  a  moderate  amount  of  dust,  which  is  the  case 
with  all  limestone.  The  impuritit*s  of  the  rock  appear  to  be  of  a 
similar  nature  to  those  found  in  hydraulic  limestone,  and  proba- 
bly aid  in  establishing  compactness  by  consolidation  of  stone 
with  stone. 

Second,  the  material  can  be  had  in  almost  unlimited  quantity, 
with  but  a  light  covering  of  dirt,  on  high  ground,  centrally  situ- 
ated, and  with  a  railroad  running  over  a  mile  of  it.  It  is  ot 
small  value  as  a  building  stone.  The  rook  forms  an  outcrop  at 
the.Tbompson  Johnson  farm,  where,  as  we-have  seen,  it  is  nearly 
11  feet  thick.  Thence  to  Hayt's  Corners  it  forms  a  shoujder  of 
land,  known  to  neighbors  as  conoealiag  limestone ;  in  places  it 
has  so  little  covering  of  earth  that  its  crumbling  has  comjiletely 
filled  the  soil  with  bits  of  stone.  No  close  estimates  have  been 
made  of  the  amount  of  soil  to  be  removed ;  it  doubtless  varies. 
There  is  enough  material  just  in  this  spot  to  pave  the  roads  of 
the  county. 

Something  may  properly  be  said  in  this  place  in  regard  to  the 
manner  of  using  road  material.  The  Telford  is  a  perfect  road  ; 
but  its  cost  may  deter  others  from  imitating  the  details  of  its 
construction.  Before  entering  upon  that  matter  be  it  permitted 
to  say  that  exceedingly  good  results  may  be  had  from  very  simple 
methods.  The  rock  must  be  broken  to  a  nearly  uniform  size. 
The  bed  must  be  properly  leveled.  A  sufficient  thickness  of 
material  must  be  used,  and  as  of  absolute  importance,  good  drain- 
age roust  be  insisted  upon. 

No  reasonable  man  can  claim  or  predict  anything  in  favor  of 
roads  in  which  these  points  are  neglected. 

A  rock  crusher  will  be  required.  It  is  now  needed,  irrespective 
of  theory  of  road  building;  for  "who  can  have  seen  the  heaps  of 
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angular  quarry  refuse  of  all  shapes  and  all  size^  up  to  SO  pounds 
that  I  have  seen  on  a  road  in  this  country  this  summer,  and  not 
have  wondered  whether  such  road-cobblers  knew  the  value  of  a 
horse's  feet  and  legs! 

*In  places  where  the  roadbed  has  a  good  natural  drainage  to 
both  sides,  the  simplest  possible  use  of  proper-sized  material  in 
liberal  amounts  will  produce  a  good  road  in  two  or  three  years 
by  repeated  application  of  small  stones  in  a  thin  top  layer. 

Where  drainage  is  impossible,  the  only  resource  left  is  to  build 
a  bridge.    Where  a  road  lies  in  a  swamp  {e.  g.j  Cranberry 
swamp),  a  deep  ditch  on  each  side  will  hold  the  surplus  water  in 
summer ;  but  drainage  of  the  swamp  solves  the  question  for  the  . 
year  round. 

A  clay  road,  if  allowed  to  remain  wet,  is  plastic,  and  lets  road- 
metal  sink  into  it ;  if  drained  dry  it  is  as  firm  a  foundation  as 
can  be  needed.  The  solidity  of  dry  clay  is  shown  by  adoM 
houses ;  or,  to  take  an  illustration  near  at  hand,  by  the  new 
embankments  supporting  the  Lehigh  Valley  railroad  tradln 
across  the  low  grounds  east  of  Geneva. 

The  Telford  road,  at  Willard,  was  built  in  the  following  man- 
ner :  A  flat  bed  was  first  dug  15  inches  deep,  21^  feet  wide ;  on 
this  were  laid,  in  shallow  trenches,  lines  of  drain  tile,  placed 
lengthwise,  four  feet  from  each  side ;  these  were  connected  by 
cross-drains  every  25  feet,  and  outlets  were  made  of  tile  every  75 
feet  each  side  to  the  edge  of  the  road  undsr  the  gutter  and  away 
to  some  point  of  discharge.  The  first  layer  of  stone  is  of  largish 
pieces,  fitted  together  and  made  12  inches  high  in  the  crown,  three 
inches  high  at  the  sides.  The  second  layer  is  of  stones  of  the  size 
of  an  egg,  roughly ;  four  inches  everywhere.  The  third,  four  inches 
of  much  smaller  stones.  The  second  and  third  courses  were 
of  crushed  stone.  The  road  was,  therefore,  20  inches  thick  in 
the  middle,  11  inches  at  each  side.  It  consists  entirely  of  the 
Tully  limestone,  and  has  become  so  compact  as  to  be  "  all  one 
stone,"  to  use  the  words  of  my  informant,  Mr.  Kitson,  who 
superintended  its  construction.  It  is  not  unlikely  that  the 
impurities  of  the  rock,  which  cause  it  to  split  and  crumble  in  the 
ledge  at  the  surface,  contribute  somewhat  to  the  compactness  of 
the  structure ;  for  it  has  been  found  that  when  burnt,  it  behaves 
like  cement-rock,  hardening  too  quickly  and  becoming  too  hard 
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for  brick  masonry  or  for  plaster  work  in  houses,  but  making  a 
good  Btone  mortar.  The  road  was  two  years  in  building  (the 
lieculiar  conditions  of  an  asylum  permitting  it),  and  has  stood 
live  years  on  a  steep  grade  with  very  little  wear,  being  slightly 
guttered  in  places,  owing  to  the  steepness  of  the  grade.  Mr. 
Kitson  informs  me,  however,  that  it  has  not  been  mended  in 
these  five  years.     A  steam  roller  was  not  used  in  making  it. 

In  illustration  of  the  hydraulic  properties  of  the  Tully  lime- 
stone, analyses  are  here  appended.  No.  1  was  taken  from  the 
northernmost  exposure  (quarry  of  Thompson  Johnson);  No.  2, 
from  locality  of  the  quarry  at  Willard;  while  Ko-  3  represents 
the  best  "Seneca"  limestone  (Chamberlain  quarry).  They  are 
taken  from  the  Transactions  of  the  N,  Y.  State  Agricultural 
Society,  If-SO,  p.  611: 


Insoluble  Rand  and  day. . . 
Alumina  nnd  peroxide  of  i 

Carbonate  of  lime 

MagneBis 

Oxide  of  mangaaetie 

Soluble  Baiine  matter 


Gas  Wells. 

A  considerable  number  of  wells  has  been  bored  in  and  around 
Seneca  Falls  village,  with  the  object  of  striking  gas  in  the 
Medina  sandstone.  The  example  was  set  at  Waterloo  several 
years  ago;  a  single  well  was  bored  with  moderate  success.  In 
Geneva  two  were  put  down  (1888,  1892),  but  neither  was  turned 
to  account,  though  the  later  one  was  doubtless  worth  the  trouble 
of  saving. 

At  Seneca  Falls  the  enterprise  was  begun  in  1887  by  the 
"Phoenii  Gas  Co."  This  'ailed  to  meet  obligations,  and  the 
property  was  transferred.  The  present  holders  now  furnish  heat 
and  fuel  to  150  families.  The  illuminating  powers  are  inferior. 
The  daily  product  may  be  set  down  at  30,000  feet,  sold  at  25 
cents  a  thousand.  A  cooking-stove  heated  without  intermission 
would,  it  was  estimated,  bum  500  feet  of  gas  in  24  hours. 


Figure  31 .     Location  of  gas  wells  at  Seneca  Falls. 
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The  company  own  11  weLls,  fiye  of  which  are  nnprodactiTe 
There  is  a  market  for  a  much  larger  supply,  but  the  results  of 
the  present  experiment  -do  not  seem  to  justify  an  extension. 
The  attempt  to  reach  Trenton  rock  is  under  consideration. 

Wherever  gas  has  been  found  in  the  Medina,  in  this  vicinity, 
it  comes  from  the  ^^  white  sand/'  about  100  feet  below  the  top  of 
the  Medina,  or  a  little  lower.  The  layers  above  this  are  charac- 
teristically, but  not  always,  a  strong  red,  furnishing  superior 
building  stone.  The  ^^  white  sand ''  itself  is  successfully  quarried 
at  Oasport,  though  in  some  other  places  (as  Medina)  it  softens  to 
incoherency  under  the  action  of  the  sun  and  weather.  The  oil- 
bearing  rock  presents  no  marked  characters;  it  is  a  sandstone  of 
medium  coarseness,  not  specially  porous,  but  lacking  the  firmness 
of  quartzite. 

Ho  complete  records  have  been  kept.  The  few  data  presented 
are  obtained  from  notes  kept  by  Mr.  Frank  Westcott.  The 
depth  at  which  the  Niagara,  Clinton  and  Medina  were  first 
struck  are  points  not  hard  to  discriminate,  owing  to  the  marked 
character  of  the  changes. 

Well  No.  2  is  the  property  of  the  brothers  Westcott  It  is 
described  as  going  1,540  feet  to  gas;  giving  8,000  feet  in  24 
hours,  which  is  2,000  less  than  at  the  start,  six  or  seven  years  ago. 

This  well,  in  the  southern  part  of  the  village,  may  be  compared 
with  one  driven  three  miles  north  of  the  village,  on  ground  not 
differing  much  in  elevation : 


To  top  of  Niagara 
To  top  of  Medina 
To  gas 


NorthOTB* 


860 

445=1,  SOS 
155=1,460 


One  of  the  northern  wells  (No.  4)  is  reported  as  passing 
through  15  feet  of  salt  at  565  feet.  Other  wells  near  this  did 
not  strike  salt.  Salt  water  was  encountered  at  various  depths  in 
most  of  the  wells,  in  the  Salina.  No.  2  struck  it  at  2,040  feet  in 
Medina  shales. 
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To  these  meagre  data  may  be  added  the  following  statement 
'  from  Mr.  Horsley : 


!  Struck  Medina. . . 

I  Stnick  firi4t  gaa  . . 

^Stniok  Hei'oud  gas 

lod 


1,400 
1,537 
1,6TS 
1,S94 


1,860 
1,610 
1,696 
l,flSO 


Mr.  Westcott  states  that  he  has  bored  for  gas  "  euecesBfiilly  " 
in  the  Medina  at  Corfu,  Genesee  county,  striking  gas  115  feet 

■  below  the  top  of  the  formation.  At  Aldea,  Erie  county,  in  five 
■WelU,  gas  waa  struck  at  102,  110,  114,  104  and  141  feet  below 
top.    The  first  discharge  of  gas  was  so  violent  as  to  throw  out 

k  the  tools;  but  tBe  supply  soon  failed.    At  Alien's  Hill,  Richmond, 

I  Ontario  county,  100  feet. 

Water  Power. 

Streams  capable  of  furnishing  power  to  ^riat  and  saw-mills  are 
nuiiHTous,  i'-.|iuci;itly  in  llie  .scutljcrn  piirt  uf  the  count,y.  A  large 
number  of  mills  were  formerly  maintained.  Gibson's  map  desig- 
nates 50,  exclusive  of  Waterloo  and  Seneca  Falls  ;  all  but  one  or 
two  are  placed  on  streams.     Very  few  continue  in  use. 

Waterloo. —  The  source  of  the  water  power  at  the  above-named 
yillages  is  Seneca  river.  Between  Waterloo  and  Seneca  Falls 
the  stream  forms  a  part  of  the  Cayuga  and  Seneca  canal.  Above 
Waterloo  the  same  is  the  case  to  within  half  a  mile  of  the  lake, 
where  the  canal  diverges,  finally  entering  the  lake  at  Geneva. 
The  fall  is  62  feet  (441-  37»)  between  the  lakes,  of  which  14  {dis- 
regarding fractions)  occurs  at  Waterloo,  and  most  of  the 
remainder  at  Seneca  Falls,  a  few  feet  occurring  between  the  latter 
and  Cayuga  lake. 

The  canal  was  incorporated  in  1813.  When  first  opened  it  ad- 
mitted boats  of  three  feet  draft,  but  between  182i  and  1857  this 
was  successively  increased,  and  at  present  it  accommodates  those 
of  six  feet  draft,  the  depth  of  channel  being  seven  feet.    The 
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stream  bed  haB  also  been  deepened  throughout,  including  the 
point  where  it  connects  with  the  lake,  which  is  not  the  original 
point  of  outlet.  The  effect  of  this  enlargement  has  been  the 
lowering  of  the  level  of  the  lake.  The  dam  at  Waterloo  is  at 
present  the  first  obstruction  to  the  outflow.  It  was  built  in  1795, 
antedating  that  at  Rochester.  There  are  several  concerns  using 
the  power  at  Waterloo,  obtaining  at  times  of  high  water  an 
actual  maximum  of  probably  about  450  H.  P.  The  canal  is  State 
property,  and  has  a  first  claim  upon  the  water  as  far  as  required 
for  lockage;  but  the  water  required  for  this  service  is  at  present 
but  a  comparatively  small  part  of  the  total  amount,  and  is  exclu- 
sive of  the  above  figure.  The  amount  of  power  varies  greatly 
with  the  season,  and  may  fall  to  about  one-half  of  that  named, 
in  times  of  drought  like  the  present  summer,  when  the  level  is 
three  feet  below  that  of  flood.  The.  wheels  are  not  constructed 
to  make  use  of  the  full  possible  power,  as  in  that  case  they 
would  be  at  a  disadvantage  during  low  water.  Estimates  of 
power  capable  of  being  used  are  necessarily  only  approximate; 
the  high-water  power  which  might  be  used  for  short  periods 
may  be  double  the  450  H.  P.,  and  is  certainly  much  greater  than 
that  figure.  There  is  a  natural  dependence  of  the  flow  upon  the 
season  of  the  year  ;  yet,  there  may  be  dry  winters,  with  continu- 
ous low  water.  A  great  deal  of  steam  power  is  used  to  supple- 
ment the  water  po^ver. 

Seneca  Falls.—  Mr.  Harrison  Chamberlain,  of  the  Phoenix 
Mills,  gives  me  as  the  estimate  usually  adopted  by  mill-owners 
and  hydraulic  engineers,  the  amount  of  1,000  horse  power,  for 
the  total  average  flow  of  the  stream,  with  a  fall  of  16  feet,  at  his 
mills.  Formerly  the  State  used  nearly  one  half  of  the  flow  for 
navigation  purposes,  but  of  late  years  the  amount  has  been  con- 
siderably less  in  consequence  of  falling  off  in  canal  tonnage. 
Below  this  mill  there  are  three  lesser  falls,  at  as  many  locks,  in 
this  village,  but  the  lovvest  fall  has  not  yet  been  made  available 
for  mill  power  and  privileges.  The  total  turned  to  account  in 
Seneca  Falls  is  considerably  over  double  the  figure  given  above. 

Seventeen  concerns  were  named  to  me  as  drawing  power  from 
the  stream,  including  three  flour-mills  ;  malt  and  marble  works; 
manufactories  of  fire  engines,  pumps,  paint,  paper,  knit  goods, 
etc. 
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CHAPTER  I. 


Object  of  Palaeontology. 

§  1.  Relations  of  Palaeontology  to  Other  Soisnoes. 

Definition. —  Palaeontology  is  the  study  of  the  animals  and 
plants  which  existed  on  the  earth  in  epochs  anterior  to  the 
present;  these  have  become  known  to  us  by  their  remains,  which 
are  buried  in  the  crust  of  the  earth,  and  which  are  called yb**iZ«. 
As  an  independent  science  Palaeontology  dates  only  from  the 
beginning  of  this  century;  it  may  be  said  to  have  been  founded 
by  Cuvier.  Before  the  time  of  that  great  naturalist,  fossils  had 
frequently  attracted  the  attention  of  philosophers,  but  had  never 
been  the  object  of  any  profound  researches.  The  immense  field 
in  the  domain  of  living  nature  was  still  but  little  explored,  and 
afforded  materials  easy  to  obtain  and  study.  The  appellation  of 
the  science  which  we  are  now  considering  dates  from  the  same 
epoch,  and  was  proposed  by  de  Blainville.  Since  that  epoch, 
Palaeontology  has  progressed  with  an  uninterrupted  rapidity. 
For  many  years  past  successive  discoveries  in  all  parts  of  the 
world  have  constantly  augmented  and  given  precision  to  our 
knowledge  of  the  subject.  All  nations,  even  those  which  have 
most  recently  attained  civilization,  possess  learned  men  who 
count  it  an  honor  to  themselves  to  make  known  to  the  world  the 
precious  remains  of  the  fossil  fauna  and  flora  of  their  own 
countries.  The  Rocky  mountains,  the  Pampas  of  South  America, 
Australia,  British  India  and  Siberia  are  now  classic  regions  of 
Palaeontology,  and  have  furnished,  no  less  than  have  the  famous 
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strata  of  France,  Germany,  England  ami  Italy,  materials  for 
the  most  interesting  in  vis  ligation  3, 

Palaeontology,  the  new  ciraer  in  the  group  of  natural  sciences, 
to  day  counts  illustrious  adepts,  but  it  has  had  for  a  long  time  to 
follow  step  by  step  the  progress  of  the  two  sciences  with  which 
it  is  most  intimately  connected,  Comparative  Anatomy  and 
Geology.  It  is  due  to  the  efforts  of  ztjologisls,  botanists  and 
geologists  that  it  has  been  enabled  to  reach  an  epoch  where  it  is 
accorded  the  unquestioned  right  to  rank  as  a  distinct  science  with 
distinctive  followers  —  palaeontologists.  The  interest  of  this 
science  is  twofold;  the  history  of  the  creatures  which  lived  in 
past  times  Is  intimately  connected  with  the  knowledge  of  those 
now  living ;  and  on  the  other  side,  Palaeontology  is  in  close  rela- 
tion with  the  succession  of  phenomena  which,  at  different  geologic 
epochs,  have  modified  the  configuration  of  lands  and  oceans. 

Palaeontology  and  Biology. — As  a  branch  of  Biology  Palaeon- 
tology, for  various  purposes,  requires  constant  comparison 
between  fossil  remains  and  living  creatures.  The  former  can 
never  be  known  with  the  precision  which  attends  the  anatomical 
and  histological  analysis  of  living  forms.  With  rare  exceptions, 
only  the  hard  parts  are  preserved  in  fossilization,  and  even  where 
the  soft  parts  have  left  certain  impressions,  the  inferences  that 
can  be  drawn  from  them  are  evidently  much  less  exact  than 
those  which  are  afforded  by  an  animal  or  a  plant  whether  living 
or  preserved  in  alcohol.  In  order  to  interpret  the  organization 
of  extinct  creatures  the  palaeontologist  must  have  constant 
recourse  to  the  inductive  method.  By  carefully  comparing  the 
material  in  his  hands  with  the  corresponding  parts  of  living 
creUures,  he  is  often  enabled  to  draw  conclusions  from  the 
known  to  the  unknown,  and  to  reconstruct  the  entire  organism 
with  all  its  essential  characteristics.  It  is  thus  that  a  palaeontolo- 
gist, even  moderately  expert,  is  able,  by  examining  a  shell,  to 
decide  whether  the  animal  which  inhabited  it  was,  for  example, 
a  Pulmonale  or  Frosobranchiate,  terrestrial  or  aquatic ;  a  simple 
tooth  suffices  to  show  to  what  group  of  mammals  an  animal 
belongs ;  a  section  of  vegetable  remains  will  enable  him  to  deter- 
mine whether  the  plant  was  a  Cryptogam,  a  G-ymnosperm  or  an 
Angiosperm,  and  he  can  thus  ascertain,  without  having  seen 
them,  what  were  the  characteristics  of  the  reproductive  appara- 
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tus.  The  palaeontologist  should  then  be,  before  all  else,  a  zoolo- 
gist or  botanist ;  he  must  be  capable  of  discerning  characteristics 
which,  though  trivial  in  appearance,  have  often  a  prime  import- 
ance, since  they  enable  him  to  refer  the  object  of  his  investiga- 
tion to  such  or  such  a  group  of  existing  and  well  known  forms. 
The  interest  of  Palaeontology  would  be  but  mediocre  if  this 
science  only  led  to  the  discovery  of  forms  identical  with  thoae 
at  present  existing,  or  at  least  analogous  to  these.  But,  on  the 
contrary,  it  has  revealed  to  us  an  immense  number  of  beings 
which  at  present  are  wholly  extinct.  Those  extinct  types  are  in 
truth  not  fundamentally  different  from  those  which  have  survived; 
and  we  know,  for  example,  no  subkingdom,  hardly  any  class 
indeed  which  ]s  represented  e.vclusively  by  fossils.  Hut  there 
are  entire  orders  which  are  not  represented  in  living  nature,  and 
it  may  be  said  that  if  animated  nature  has  not  undergone  an 
absolute  revolution,  it  has  at  least  experienced  profound  modifi- 
cations. This  is  precisely  the  most  important  fact  brought  to 
light  by  the  study  of  fossils  It  is  well  known  what  an  import- 
ant role  the  doctrine  of  Evolution  plays  at  present  among  the 
natural  sciences.  A  few  students,  whom  we  mast  in  truth  count 
among  the  foremost,  still  maintain  that  living  species  are  immuta- 
ble, and  can  in  no  case  be  modified  and  so  originate  others.  *  But 
the  great  majority  of  naturalists  have  rallied  about  the  transformist 
idea.  If  it  is  true  that  both  in  the  animal  and  vegetable  world, 
species  are  derived  from  one  another,  if  there  really  exist  between 
species,  genera,  and  larger  groups  veritable  ties  of  derivation, 
Palaeontolt)gy  should  present  us  with  the  best  proofs  in  support 
of  this  filiation.  The  proofs  derived  from  living  nature  still 
leave  many  things  uncertain ;  innumerable  gaps  occur  among 
the  animal  and  vegetable  forms,  for  these  in  no  wise  arrange  them- 
selves in  strictly  continuous  series.  May  we  hope  to  find  in 
Palaeontology  new  arguments  in  favor  of  the  doctrine  of  trans- 
formation? Do  there  exist  among  the  fossils  terms  of  passage 
which  facilitate  the  establishing  of  genealogical  trees?  Can  we 
discover,  in  tine,  in  ancient  types,  the  progenitors  of  these  forms 
whose  origin  seems  still  problematical?  These  are,  in  fact,  the 
important  problems  which  engage  the  attention  of  all  natural- 
ists, without  exception,  who  devote  themselves  to  the  study  of 
Palaeontology. 
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Despite  the  immense  increase  of  material  brought  to  light 
throughout  the  world  during  the  last  half  century,  we  are  far 
from  able  to  state  that  extinct  beings  are  known  in  their  entirety. 
It  would  be  illusory  to  suppose  that  all  the  questions  propounded 
in  regard  to  the  origin  of  created  beings  have  received  a  satie- 
faciorj  solution.  It  may  even  be  observed  that  new  problems 
have  arisen  from  the  discovery  of  creatures  entirely  extinct  and 
whose  nature  or  origin  remains  doubtful.  But  despite  theso  diffi- 
culties, notwithstanding  the  gaps  which  still  exist,  Palaeontology 
has  brought  to  light  almost  unexpected  solutions  of  problems 
already  existing,  and  it  may  be  asserted,  without  fear  of  contra- 
diction from  any  of  the  students  engaged  in  this  science,  that  it 
prodnces  every  day  convincing  testimeny  in  support  of  the 
doctrine  of  Evolution. 

Palaeontology  and  Geology. —  The  relations  of  Palaeontology 
with  Geology  aro  of  another  order,  but  not  less  close.  The 
knowledge  of  the  phenomena  which  have  modified  the  surface 
of  the  earth,  the  determining  of  the  relative  age  of  the  layers 
which  compose  the  terrestrial  crust,  evidently  imply  a  simnlta- 
neous  study  of  the  beings  which  have  inhabited  the  lands  and 
the  seas,  of  all  the  organisms  indeed  which  have  been  found  in 
the  various  deposits.  The  principle  on  which  stratigraphical 
studies  have  lately  been  almost  exclusively  carried  forward,  con- 
sists in  this,  that  the  deposits  of  the  same  age  contain  in  general 
the  same  kinds  of  fossils,  which  is  to  say  that  the  same  beings 
simultaneously  inhabited  the  varioas  seas  during  the  same 
periods.  As  there  is  no  region  where  the  succession  of  beds  is 
presented  without  interruption,  we  are  obliged,  in  order  to  estab- 
lish the  &ge  of  a  newly  discovered  formation,  to  compare  care- 
fully the  fauna  and  flora  of  anystratum  with  those  of  acorrespond- 
ing  stratum  of  other  regions.  The  formations  which  contain  the 
same  kinds  of  fossils  are  considered  as  dating  from  the  same 
epoch,  and  are  given  the  same  names,  and  this  principle  of  the 
identity  of  the  fauna  at  any  epoch  has  long  been  considered  as 
absolute.  We  shall  see  further  on,  that  some  restrictions  are  to 
be  admitted,  but  the  result  of  these  is  not  to  lessen  the  suggestive 
importance  of  Palaeontology,  but  rather  to  augment  it  and 
give  it  greater  precision.  The  variations  of  faunas,  as  they 
become  better  knovm,  are  found  to  be  closely  connected  with 
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variations  of  physical  conditions ;  from  the  groupings  of  forms 
which  are  found  in  certain  layers,  a  conclusion  can  be  drawn 
regarding  the  conditions  in  which  the  deposits  were  made ;  the 
fauna  of  a  deep  sea  is  distinguisnable  from  that,  of  shallow 
water,  shore,  estuary,  or  coral  reefs.  We  can  gain  some  infor- 
mation regarding  climatic  conditions  and  can  even,  for  some 
epochs,  form  charts  to  indicate  equal  atmospheric  temperature. 
It  is  then  easily  seen  what  services  Palaeontology  has  already 
rendered  and  still  continues  to  render  to  Geology,  and  if  this  last- 
named  science  now  possesses  other  methods  of  investigation,  if 
it  engages  in  the  study  of  phenomena  of  a  purely  physical  order, 
such  as  the  displacements  and  formation  of  rocks,  it  nevertheless 
constantly  profits  by  the  incessant  progress  which  has  been  made 
by  the  study  of  fossils. 

Inversely,  Palaeontology  can  not  exist  without  Stratigraphy, 
and  looks  for  support  to  the  data  of  this  science.  In  studying 
the  relationships  between  organisms,  it  is  requisite  to  ascertain 
with  the  greatest  possible  precision  the  epochs  at  which  they 
have  lived.  This  is  no  reasoning  in  a  circle,  for  the  relative 
age  of  layers  is  determined  primarily  by  their  order  of  strati- 
graphical  superposition.  The  geologist  discerns  in  the  order  in 
which  they  present  themselves  on  the  same  vertical  line,  the  age 
of  the  deposits  with  the  faunas  they  contain. 

Palaeontology  serves  then,  so  to  say,  as  a  bond  of  union  between 
Biology  and  Geology,  between  the  study  of  living  beings  and 
that  of  inanimate  nature.  Its  limits  in  regard  to  these  two 
sciences  are  very  difficult  to  fix.  But  if  the  object  of  palaeon- 
tologic  researches  seems  to  make  this  science  appear  rather  as  a 
branch  of  Biology,  varipus  circumstances  have  led  most  natural- 
ists to  hold  a  contrary  opinion.  Geologists  have  a  good  right  to 
claim  most  of  the  discoveries  which  were  made  in  Palaeontology 
until  within  the  last  few  years. 

This  fact  explains  itself ;  it  has  been  for  the  purpose  of  exam- 
ining the  geologic  deposits  and  ascertaining  the  stratigraphic 
characters  of  a  region,  that  naturalists  have  undertaken  the 
often  long  and  painstaking  researches  which  have  resulted  in  the 
discovery  of  fossils.  There  are  geologists  who,  after  having 
secured  from  the  rocks,"  often  with  great  labor,  the  fossils 
discovered  therein,  have  furthermore  carefully  prepared  them 
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so  that  no  chamoter  which  could  possibly  be  preserved  should 
elude  their  investigation.  Even  in  our  days  it  is  the  geologistB 
T^ho  have  made  the  most  numerous  discoveries  in  Palaeon- 
tology, but ,  many  signs  indicate  that  iu  France  as  well  as  in 
other  lands,  the  time  has  arrived  when  pure  Palaeontology  must 
occupy  the  best  energies  of  students  devoting  themselves  exclu- 
sively to  it. 

§  a.  History  of  Palaiwntoloot. 

Division  of  the  subject. — The  history  of  Palaeontology  has  been 
written  at  various  times  by  eminent  students :  Broochi,* 
d'Archiacf  and  Lyell,t  have  successively  recounted  the  gradual 
efforts  by  which  this  science  was  created.  Up  to  the  close  of  the 
Jast  century  its  progress  was  vague;  the  profound  study  of  fos- 
sils was  neglected  and  essays  in  that  direction  often  lost  them- 
8  lives  in  purelj'  theoretical  discussions.  Cuvier  brilliantly 
inaugurated  a  new  period,  and  must  be  considered  as  the  true 
founder  of  Palaeontology  as  well  as  of  Comparative  Anatomy. 
Half  a  century  later  the  acceptation  of  the  ideas  of  Darwin  by 
the  great  majority  of  the  learned  world  gave  a  new  direction  to 
palaeontologic  studies;  the  end  to  be  attained  became  better 
d(>iined,  the  investigations  were  pushed  farther,  and  adopts  iu  the 
long  neglected  science  became  more  and  more  numerous. 

The  history  of  Palaeontology  may  then  be  divided  into  three 
periods  of  unequal  length  and  importance.  We  shall  be  very 
brief  about  what  concerns  the  first  essays  before  the  time  of 
Cuvier. 

Firtt  period. —  It  is  necessary  to  go  back  to  Heeodotds  to  find 
the  first  mention  of  fossils.  It  is  curious  to  verify  the  exactitude 
of  the  opinion  formulated  by  that  ingenious  historian ;  he  says 
thepriestsof  Egypt  were  acquainted  with  fossil  shells;  attributed 
t )  them  a  marine  origin,  and  drew  the  conclusion  that  Egypt  was 
f  >nnerly  under  water.  This  conjecture  of.  ages  so  long  past 
is  at  the  present  day  an  evident  truth.  Some  scientists  have 
thought  to  find  also  in  Anaximandes  the  first  indication  of  the 
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idea  of  transformation.  Cuvier,  following  Eusebius,  cites  a  curi- 
ous passage  on  this  subject :  ^ 

"  Man  must  be  descended  from  creatures  of  an  especial  form,  for 
while  other  animals  procure  their  food  without  difficulty,  man 
alone  requires  a  long  time  to  attain  to  the  power  of  caring  for  him- 
self, necessitating  a  prolonged  education ;  any  creature  in  the 
beginning  who  resembled  him  must  have  been  wholly  unable  to 
maintain  its  existence."  And  Cuvier  takes  advantage  of  this 
occasion  to  ridicule  these  modern  scientists  who,  like  Lamarck  and 
Geoflfroy  Saint-IIilaire,  seek  to  revive  the  reveries  of  a  Greek 
poet. 

Aristotle,  Xknophon  and  Strabo  were  acquainted  with  fossils 
and  had  correct  ideas  in  regard  to  their  origin. 

The  middle  ages  and  the  modern  epoch  down  to  the  end  of  the 
eighteenth  century,  are  filled,  especially  in  Italy  and  in  England, 
with  interminable  discussions  on  the  nature  of  fossils.  The  cur- 
rent opinion  was  that  these  remains  could  have  nothing  in 
common  with  the  animals  and  plants  of  our  days.  The  boldest 
of  the  learned  men,  however,  advanced  the  opinion,  that  the 
shells  had  indeed  been  the  habitations  of  living  creatures,  and 
had  been  deposited  on  the  mountains  at  the  time  of  Noah's 
deluge.  The  principal  ellorts  of  the  philosophers  were  directed 
toward  making  their  theories  accord  with  the  Holy  Scriptures. 
From  time  to  time  some  more  singular  explanation  was  put 
forth.  Some  imagined  a  sort  of  fermentation  of  fatty  matter; 
many  saw  in  fossils  only  freaks  of  nature,  or  essays  more  or  less 
successful  in  creating  new  forms  of  life ;  others  saw  disturbed 
movements  and  exhalations  of  the  earth ;  and  still  others  sup- 
posed the  intervention  of  some  plastic  power. 

Some  scientists,  distinguished  in  other  branches,  had  the 
merit  of  discovering,  in  a  laborious  way  it  is  true,  and  in  connec- 
tion with  some  fantastic  contradictions,  a  reasonable  explanation 
of  the  facts  which  at  the  present  day  appear  so  simple.  We  will 
cite,  as  a  matter  of  curiosity,  a  sentence  of  Leonard  >  da  Yinci: 

"  It  is  said  that  the  shells  have  been  formed  on  the  hills  by  the 
influence  of  the  stars,  but  I  ask  where  at  the  present  day  are 
stars  which  form  on  hills  shells  of  diverse  age  and  aspect?  And 
how  can  the  petrifaction  of  leaves,  plants  and  sea-crabs  on  these 
same  hills  be  thus  accounted  for?" 
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FicL80i.TABO  (151T)  is  the  first  who  aftirmed  that  fosaila  had 
really  been  living  creatures.  Caboam,  Cksalpi",  Bebmabd 
Pii.i8ei  (1580),  admit  that  the  ocean  must  formerly  have  covered 
the  mountains.  Colonna  had  the  merit  of  making  a  distinction 
between  marine  and  land  shells.  Stkno,  a  famous  Danish 
anatomist  who  lived  in  Florence,  pointed  out  the  identity  of  the 
teeth  of  living  and  fossil  ahtirks,  and  discovered  a  fresh-water 
fauna  (IbSi*).  All  these  learne'l  men  are  pronounced  defenders 
of  the  diluvial  theory.  Their  tendencies  are  clearly  explained, 
as  Lyell  ingeniously  suggests,  by  the  character  of  the  fossils 
which  are  found  in  the  museums  of  Italy;  these,  in  general, 
belong  to  the  upper  Tertiary,  and  are  very  analogous  to  the 
animals  at  present  living  on  the  sea  coast  of  Italy.  Opinion 
in  England,  on  the  contrary, took  an  entirely  different  direction; 
the  fossils  found  there  belong  in  general  to  more  ancient  deposits, 
and  the  writers  of  the  time  saw  no  analogy  between  them  and 
any  living  species.  Thus  Hookk  (16CS)  for  example,  is  one  of  the 
defenders  of  the  theory  of  the  extinction  of  fossil  forms. 

With  the  beginning  of  the  eighteenth  century  Palaeontology 
enters  a  new  phase  of  existence ;  the  rooks  containing  fossil 
remains  were  everywhere  made  an  object  of  especial  study,  and 
were  classified  according  to  their  order  of  superposition;  cata- 
logues were  made  of  the  fossils  characteristic  of  each  deposit, 
and  an  attempt  made  to  form  an  idea  of  the  relative  epochs  of 
the  appearance  of  each  type.  Woodwahd  (1695)  has  the  merit 
of  being  the  first  in  England  to  essay  a  methodical  study 
of  this  kind.  The  same  work  was  done  in  Italy  by  Val. 
iBHBRi.  The  example  of  these  men  was  afterward  followed 
in  Germany  by  Lebmann,  who  established  the  difference  between 
the  azoic  and  the  fossiliferous  deposits  (1756).  In  1780  Soldani 
conceived  the  first  idea  of  the  distinction  between  the  deep- 
sea  fauna  and  the  littoral  fauna.  He  separated  the  marine 
and  the  fresh-water  fossils  in  the  Paris  basin.  Finally  William 
Smith  (1790)  established  an  excellent  classification  of  the  deposits 
of  England  according  to  the  fossils  they  contained. 

In  Germany  geologists  were  '-drned  away  from  the  study  of 
fossils  by  the  brilliant  teachings  of  Wkbnsb,  which  acquired 
great  repute.    This  scientist  and  his  followers  occupied  them- 
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selves  with  examining  minerals  and  rooks,  to  whioh  without 
exception  they  attribated  a  marine  origin.  The  contest  between 
the  VvloanUts  and  NeptwrmU  occupied  the  end  of  the  eigh- 
teenth century,  and  palaeontologic  researches  were  relegated  to  a 
secondary  place. 

The  real  progress  achieved  during  that  century  was  due 
principally  to  a  return  to  more  correct  ideas  in  the  domain 
of  geogenic  theory.  Ya^liskebi  sought  to  separate  scientifio 
data  from  the  interpretation  of  Genesis.  But  the  principal 
honor  of  the  change  effected  *  belongs  to  Mobo  (1740)  and 
his  commentator  Oenbbvlli  (1749).  This  latter  recapitulates 
and  admits  whatever  correct  ideas  had  been  suggested  before  his 
time.  He  demands  that  no  one  shall  invoke  divine  authority  for 
the  support  of  his  own  ideas,  or  suppose  mirades  for  the  sole 
end  of  confirming  his  hypotheses. 

It  is  easy  to  see  under  what  a  clear  horizon  the  epoch  of  Cuviib 
dawned.  The  path  of  the  great  naturalist  was  prepared,  serious 
writings  on  the  subject  were  at  hand ;  still  it  can  not  be  asserted 
that  Palaeontology  was  as  yet  firmly  established  as  an  independ- 
ent science;  the  fundamental  principles  which  authorize  the 
comparison  of  fossil  remains  with  existing  creatures,  were  not  yet 
stated.  Their  discovery  is  one  of  Cuvier's  greatest  titles  to 
honor. 

Second  Period. —  It  may  be  said  that  the  precise  and  dogmatie 
genius  of  Cuvier  created  Palaeontology  and,  furthermore,  that  he 
for  a  long  while  gave  it  an  impulse  and  an  attraction  that  has 
with  difficulty  been  modified.  It  was  mainly  through  the  appli- 
cation of  the  principle  of  the  correlation  of  forms  that  Cuvier 
arrived  at  his  interesting  conclusions.  He  studied  in  detail  the 
fossil  remains  taken  from  the  gypsum  beds  of  Paris  and  its  envi- 
rons, and  pointed  out  the  resemblances  ;^and  diversities  between 
these  types  and  the  living  forms  of  our  period.  He  discriminated 
those  forms  which  we  at  present  consider  as  ancestral  ones,  PalcBO^ 
therium,  Xiphodon^  Dichohiine^  etc.,  and  pointed  out  how  each  of 
these  reveals  characteristics  peculiar  to  diverse  groups  at  present 
distinct.  The  discovery  of  marsuptals  in  the  gypsum  of  Pari* 
was  a  most  important  event  in  the  history  of  Palaeontology  and 
Comparative  Anatomy.  It  inaugurated  a  new  method  which 
was  destined  to  give  the  happiest  results  for  the  study  of  fossil 
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remains.  Cuyier  had  discovered  (1819)  part  of  a  skeleton,  the 
jawbone  of  which  seemed  to  him  very  analogous  to  that  of  a 
marsupial.     ~By   virtue   of   the   principle   of   the   correlation  of 

irms  which  he  had  established,  he  affirmed  that  bones  of  a 
fiiarsupial  animal  must  be  found  in  the  deposit.  He  caused  the 
rock  to  be  e.^cavated  in  the  presence  of  a  large  number  of  per- 
sona, in  order  to  disengage  the  posterior  part  of  the  body,  and 
hie  hypothesis  was  verified  to  the  groat  admiration  of  the  contem- 
porary scientific  world. 

A  fact  not  less  important  in  the  history  of  Palaor.ntology  was 
ihe  determining,  by  Cuvier,  of  the  character  of  a  jawbone  found 
in  the  Bathonian  of  Stonesfield.  He  demonstrated  in  1818  that 
this  remnant  appertaining  to  the  genus  Tfiylaralherium  belonged 
to  a  mammifer  of  the  group  of  marsupials.  This  discovery  over- 
threw the  theory  of  the  naturalists  of  that  epoch,  who  were  un- 
willing to  believe  that  a  mammifer  could  be  of  such  ancient  date. 
It  was  not  until  thirty  years  later  that  marsupial  remains  were 

lund  in  the  Triassic  deposits. 

Cuvier  devoted  himself  before  all  else  to  establishing  the 
zoologio    nature    of    fossil    animals,  especially  the  mam- 

lalia.  He  proved  definitely  that  before  the  existence  of  the 
present  fauna,  there  e.'cisted  many  successions  of  diverse  faiitiiis. 
The  disappearance  of  pre-ezistent  forms,  and  their  replacement 
by  new  ones  was  believed  to  have  taken  place  abruptly,  caused  by 
cataclysms  which  affected  the  entire  surface  of  the  earth.  For 
the  hypothesis  of  a  single  creation,  Cuvier  thus  substituted  that  of 
several  creations  following  each  other  at  longer  or  shorter  inter- 
vals. It  is  unnecessary  to  add  that  Cuvier  was  a  firm  partisan 
of  the  theory  of  the  immutability  of  species.  Incorrect  though 
it  was,  still  the  theory  of  cataclysms  was  the  one  that  would 
most  naturally  present  itself  to  the  mind  to  explain  the  profound 
diversities  existing  between  the  faunas  of  successive  layers,  at 
least  in  the  regions  explored  previous  to  the  epoch  we  are  now 
considering. 

The  influence  of  Cuvier  was  felt  during  his  lifetime,  and  even 
his  errors  proved  a  point  of  departure  for  a  progressive  move- 
ment. Since  his  time  fossils  have  been  studied  with  a  deeper 
interest,  as  an  idea  can  now  be  formed  of  the  living  creatures 
they  represent,  and  attempts  be  tfiade  toward  reconstructions, 
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which  are  frequently  most  unqaestionable ;  furthermore,  it  is 
well  understood  that  variations  of  detail  are  of  contiderable 
importance  since  they  are  characteristic' of  different  horizons. 
Thus  the  palaeontologic  works  of  that  epoch  were  carried  on 
with  a  precision  and  care,  as  they  continue  to  be  in  their  entirety 
at  the  present  day,  and  are  a  point  of  departure  for  effectual 
reseai;ches  in  each  group. 

The  progress  of  Palaeontology  during  the  first  half  of  this  cen- 
tury is  due  to  the  efforts  of  scientists  who  prosecuted  their  re- 
searches in  two  different  ways.  On  the  one  hand  the  theoretic 
discussions  among  zoologists  which  have  ihade  so  great  noise  in 
the  world,  have  for  their  object  the  problem  of  the  species,  and 
have  given  rise  to  the  doctrine  of  Evolution.  On  this  account 
they  are  of  direct  interest  to  the  palaeontologist.  On  the  other 
hand,  the  geologists  are  engaged  in  exploring  with  the  greatest  care 
the  deposits  of  all  the  countries  of  Western  Europe,  and  describe 
minutely  the  fossils  they  contain.  Moreover,  scientists  applied 
themselves  at  an  early  date  to  purely  palaeontologic  investiga- 
tions, several  described  from  a  given  geologic  division  all  the 
material  known  up  to  their  time,  while  others  devoted  themselves 
to  the  study  of  a  single  group.  It  will  be  easily  understood  that 
we  can  not  here  cite  names.  The  period  of  which  we  are  speak- 
ing is  closely  connected  with*  the  contemporary  period,  when 
researches  are  becoming  more  and  more  numerous.  In  the 
beginning  of  his  great  work,  entitled  JSnchainements  du  monde 
animal^  M.  Gaudry  enumerates,  by  the  side  of  each  group,  the 
names  of  the  scientists  who  contributed  most  to  make  it  known. 
^'Although  these  lists  contain  more  than  500  citations,  they  are 
far  from  being  complete.  .  .  I  -should  never  finish,  did  I 
undertake  to  recount  all  the  intellectual  labors  that  have  been 
expended  since  the  death  of  Cuvier,  to  bring  to  light  the  genera- 
tions of  living  creatures  which  existed  in  days  gone  by." 

We  shall  have  occasion,  in  the  course  of  the  systematic  part 
of  this  work,  to  mention  the  most  important  of  those  labors. 

The  problem  of  the  origin  of  variations  in  faunas  continued 
to  preoccupy  the  most  eminent  geologists.    The  prevailing  opin 
ion  was  that  species  are  absolutely  characteristic  of  the  horizons 
in  which  they  are  found,  and  that  no  one  of  them  passes  from 
one  formation  to  another.  In  1850,  d'Obbigny,  following  the  ideas 
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of  Ciivier,  formulated  the  conclusion  that  animated  nature  must 
have  become  extinct  and  been  again  renewed  twenty -seven  times. 
He  divided  the  fossiliferous  deposits  into  twenty-seven  stages  sep- 
arated into  groujisof  unequal  value  and  each  characterized  by  its 
special  fauna.  This  classification  was  made  with  such  care  that 
in  its  general  terms  it  has  remained  to  the  present  day;  its 
denominations  have  for  the  most  part  been  retained,  although 
new  researches  and  new  ideas  have  brought  some  changes  into 
the  stratigraphic  groupings.  The  same  can  not  be  said  of  the 
theories  which  led  d'Orbigny  to  his  conclusions.  As  early  as 
1813,  VON  8cHL(KTnKiM  refused  to  admit  that  each  particular 
layer  was  the  result  of  a  new  revolution  of  nature.  Bb<nm 
demonstrated  that  certain  species  indeed  really  passed  from  one 
formation  to  another,  and  though  stratigraphic  boundaries  are 
often  barriers  confining  the  persistence  of  some  form,  still  this  is 
not  an  absolute  rule,  since  the  species  in  no  wise  appear  and 
again  disappear  in  their  entirety.  Ltei-l  (1-32)  forever  destroyed 
the  hypothesis,  up  to  his  time  generally  accepted,  ot  cataclysms 
and  universal  revolutiors  of  nature.  His  theory  of  existing 
causes  consists  in  this,  that  all  the  phenomena  which  have 
occurred  on  the  surface  of  the  globe  during  past  times  are  of  the 
same  nature  with  those  which  are  occurring  at  the  present  time. 
We  see  in  the  whole,  and  in  parts  also,  the  results  of  those  phe- 
nomena, but  we  must  admit  that  their  occurrence  must  have 
required  considerable  time.  These  new  ideas,  unreservedly 
adopted  by  the  whole  learned  world,  opened  a  most  propitious 
way  for  the  theories  of  transformation.  The  changes  effected 
in  faunas  must  have  been  slow  and  long  continued,  as  are  all 
geologic  phenomena  ;  and  it  was  but  one  step  farther  to  arrive 
at  the  admission  that  faunas  were  derived  one  from  another. 
Sir  Charles  Lyell,  at  the  beginning  a  partisan  for  the  immu- 
tability of  species,  rendered,  with  an  impartiality  rare  among 
scientists  of  that  opinion,  full  justice  to  the  essays  of  Lamarck. 
The  exposition  of  the  doctrine  of  transformation  by  Darivin 
quickly  convinced  him,  and  the  theory  of  Evolution  has  not 
found  among  geologists  a  warmer  or  more  eloquent  partisan  than 
the  great  English  scientist. 

The  theory  of  Evolution  received  at  first  a  very  unfavorable 
reception,  and  was  consequently  unable  to  exert  any  great  inllu- 
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ence  on  the  progress  of  Palaeontology.  Lama^xok  bad,  moreover, 
only  a  very  imperfect  knowledge  of  fossils ;  still  he  was  suffi- 
ciently acquainted  with  them  to  be  enabled  to  draw  from  the 
order  of  their  appearance  in  the  strata  an  argument  in  support 
of  his  theory  of  progressive  development,  which  was  at  that  time 
a  novelty,  and  which  overturned  the  most  deeply  rooted  philo- 
sophic ideas.  But  this  does  not  lessen  the  importance  of  the 
ideas  of  Lamarck^  which  were  of  the  very  highest  order.  He 
was  the  first  who  was  bold  enough  to  advance  the  theory  that 
species  are  not  immutable  entities,  but  that  they  are  derived 
one  from  another  as  individuals  are,  and  that  fossil  creatures 
are  the  ancestors  of  those  now  existing.  The  teachings  of  Gsop- 
FBor  SAiNT-HiLikiKB  ou  the  point  of  which  we  are  treating,  tends 
by  different  arguments  to  the  same  conclusion. 

In  1844  there  appeared  in  England  an  anonymous  work  enti- 
tled Vestiges  of  Creation^  which*  made  a  great  sensation.  The 
author  of  this,  since  known  (Chahbbbs),  brought  together  all 
the  arguments  in  favor  of  the  doctrine  of  the  mutation  of 
species,  and  laid  especial  stress  on  the  palaeontologic  changes 
which  had  taken  place  at  various  epochs ;  the  author  pursuing 
the  subject  still  farther  made  a  comparison  between  the  stages  of 
development  of  the  higher  animals  and  those  reached  by  the 
inferior  classes  which  appeared  before  the  former  and  character- 
ized extinct  faunas.  Some  relative  extravagancies,  as,  for 
example,  the  ideas  of  Lamarck  concerning  spontaneous  genera- 
tion, were  the  subject  of  severe  criticism  which  brought  unde- 
served reproach  on  the  entire  book. 

It  is  doing  no  injustice  to  the  genius  of  Darwin  to  recall  how 
much  his  predecessors  had  done  to  open  the  path  for  him  and  to 
make  ready  for  his  lab  )rs.  Writings  capable  of  serving  as 
supports  for  the  new  ideas  were  much  rarer  at  the  beginning 
of  the  century  than  they  were  toward  the  middle  of  it  (1850); 
so  that  1  amarck  and  Geoffroy  Saint-IIilaire  were  entitled 
to  greater  admiration  for  having  originated  so  bold  a  theory, 
in  the  face  of  the  violent  opposition  to  which  they  were 
exposed.  Darwin  merits  some  censure  for  having  failed  to  do 
justice  to  Lamarck,  whom  he  confounds  in  his  preface  with  more 
obscure  predecessors,  ilany  of  the  adherents  of  the  transformist 
school  of  the  present  day  render  to  the  illustrious  scientist  the 
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honor  be  tieaerves,  and  adopt,  along  with  the  new  data,  the 
greater  part  of  his  ideas,  even  those  which  Darwin  rejected.  To 
this  latter  belonga  the  honor  of  baling  discovered  one  of  the 
most  important  factors  -jf  Evolution,  namely,  the  phenomenon  of 
natural  selection.  He  has  furlbennore  this  advantage,  that  be 
fortified  bia  theories  with  very  numerous  observations,  with 
long  and  patient  exjwriments,  that  be  presented  them  in  a  deduct- 
ive form  witbout  the  intervention  of  hypotbesis,  and  that  he 
developed  them  with  unanswerable  logic.  All  this,  in  our  opin- 
ion, explains  the  success  of  Darwin  in  a  matter  wbere  his  prede- 
cessors failed.  He  cerUiinly  followed  the  best  method,  since  he 
proved  himself  able  to  overcome  all  opposition,  and  to  him  is  due 
the  great  transformation  which  the  purpose  of  biologic  and 
palaeontologic  researches  has  everywhere  undergone. 

Third  period,—  It  would  be  impossible  for  us  here  to  cast  even 
a  rapid  glance  over  the  progress  realized  daring  this  last  period, 
which,  beginning  toward  the  year  1857,  continues  to  the  present 
day.  The  two  following  chapters  will  be  devoted  to  the  explana- 
tion of  the  present  state  of  ideas  admitted  by  the  transformist  ' 
school  of  scientists,  in  so  far  as  thebe  ideas  are  confirmed  by 
palaeontologic  testimony,  or  give  to  the  data  furnished  by  this 
science  an  especial  synthetic  character.  But  it  must  be  said  that 
purely  descriptive  researches  have.not  ceased  to  be  held  in  honor, 
and  that  the  number  of  types  described  increases  with  a  rapidity 
of  which  it  is  difficult  to  form  an  idea.  The  Annuaire  Oeolog- 
ique  mentions  T<i5  palaeoatologic  publications  which  appeared  in 
1S89,  and  to  this  must  be  added  the  enormous  number  of 
descriptions  contained  in  works  especially  devoted  to  Geology, 
One  of  the  most  striking  characteristics  of  the  present  period  is 
the  precision  and  minuteness  with  which  observations  are  carried 
out;  efforts  are  made  to  derive  from  the  examination  of  a  fos- 
sil all  that  can  possibly  be  known  of  its  morphology,  structure  or 
development,  A  delicate  method  by  thin  sections  ia  employed  in 
order  to  push  as  far  as  possible  the  descriptive  analysis,  the 
younger  forms  are  compared  with  the  adults,  and  no  technical 
difficulty  is  able  to  daunt  the  investigator. 

On  the  other  side  stratigraphy  has  made  such  great  progress 
that  the  reappearance  of  forms  both  in  time  and  place  is  better 
understood.    Variations  of  the  same  species  in  different  localities 
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of  the  same  age  can  be  distinguished  from  the  mutations  the 
species  has  undergone  when  found  in  more  recent  deposits.  The 
association  of  faunas  is  taken  into  account  in  reconstructing  the 
average  conditions  in  which  they  existed9]^nd  we  josol  form  an 
idea  regarding  the  zoologic  and  botanic  geography  of  the  diverse 
epochs  of  geologic  periods. 

Finally,  scientists  at  the  present  day  much  prefer  the  synthetic 
method  in  treating  of  the  results  acquired,  and  endeavor  to 
affiliate  the  countless  forms  of  extinct  creatures  which  are  con- 
stantiy  being  brought  to  light.  This  new  sciencei  Phylogeiiy, 
rests  in  great  measure  on  palaeontologic  data^  and  in  return  sup- 
plies these  with  their  greatest  attraction.  Its  importance  in  the 
present  condition  of  our  knowledge  is  such  that  we  are  obliged 
to  examine  in  some  detail  the  principles  on  which  it  is  based  and 
the  problems  which  it  solves. 

This  brief  historic  sketch  makes  manifest  the  fact  that 
Palaeontology,  like>  every  other  science,  but  in  a  more  pronounced  * 
degree,  remained  for  long  centuries  in  an  almost  rudimentary 
state.  Some  men  of  genius,  in  the  early  part  of  this  century^ 
stated  the  principles  which  have  raised  the  study  of  fossils  to  an 
independent  science.  At  the  present  day  Palaeontology  is  pro- 
gressing with  rapid  steps.  It  proceeds,  by  successive  approxima- 
tions, as  its  object  naturally  indicates.  We  shall  have  occasion, 
in  the  course  of  this  work,  to  make  manifest  the  importance  of 
the  results  achieved,  and  to  point  out  the  problems  which  still 
remain  to  be  solved. 


Palaeontology  and  ttie  Doctrine,  of  Evolution. 

§  1.  The  Species.  Its  YarUitums* 
The  profound  change  which  Palaeontology  has  undergone 
since  the  transformist  ideas  have  been  so  almost  universally 
adopted,  is  due  to  two  causes :  On  the  one  hand  the  doctrine  of 
Evolution  has  occasioned  a  very  rapid  progress  in  the  study  of 
fossils,  and  on  the  other  this  study  has  supplied  new  arguments 
in  8u|i()ort  of  the  new  doctrine,  whose  upholders  are  naturally 
led  to  push  palfeontologic  researches  farther  and  farther.  We 
have  now,  therefore,  to  point  out  how  the  fundamental  principles 
of  the  theory  of  Evolution  both  receive  confirmation  from  the 
study  of  extinct  forms,  and  also  throw  new  light  on  the  history 
of  the  succession  of  these  forms.  The  relations  of  Palieontology 
to  the  study  of  the  Yaa^t'urtit  of  forma  will  then  be  the  subject 
of  this  chapter. 

Definition  of  species. —  The  definition  of  species  is  founded  on 
current  observation  made  in  all  countries,  of  the  evident  resem- 
blance of  certain  forms  among  themselves  and  the  marked  dif- 
ferences between  them  and  forms  most  closely  allied  to  them. 
Up  to  the  time  of  Lamarck,  it  was  held  that  a  species  was  an 
immutable  entity,  limited  by  an  absolute  law.  The  clearest  defi- 
nition was  that  of  Cuvier:  "A  species  is  an  assemblage  of  all 
organized  creatures  which  have  descended  one  from  another 
or  from  common  ancestors  and  of  all  those  which  resemble  them 
as  closely  as  they  resemble  each  other." 

In  treatises  on  Zoology  and  Botany  details  may  be  found 
relating  to  the  difficulty  encountered  in  giving  precision  to  these 
definitions  and  in  applying  them  to  living  creatures.  Works  on 
Zoologic  Philosophy  discuss  also  the  various  criterions  proposed, 
such  as  the  fecundity  of  hybrids,  etc. 
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It  was  Lamarck  who  first  conceived  the  idea  that  species  are 
not  immutable  but  were  derived  from  ond  another.  FhilosopherSi 
such  as  Ohambers,  G.  Saint-Hilaire,  Grant,  von  Buch  and  some 
others,  considered  by  Darw  in  and  Wallace  as  the  precursors  of 
transformism,  occupied  themselves  in  demonstrating,  not  the  non- 
existence of  species,  but  their  variability.  We  know  that  Darwin 
and  Wallace  were  the  first  who  accumulated  numerous  prooft 
of  variation  in  living  species  and  demonstrated  how  arbitrary  as 
times  is  the  distinction  made  between  species,  races  and  varieties* 

In  Palaeontology  the  problem  of  the  limitation  of  species  is  still 
more  difficult.  We  no  longer  have  at  our  service  the  criterion, 
which,  moreover,  is  rarely  used  in  Biology,  that  is  the  sterility  of 
hybrids,  as  a  proof  of  difference  in  species;  and  we  have  no 
means  of  ascertaining  whether  the  individuals  observed  come 
from  the  same  parents.  We  are  forced  then  to  take  for  our 
guidance  the  principle  of  continuity ;  we  bring  together  in  one 
species  those  individuals  which  resemble  each  other  in  essential 
characters  and  differ  only  in  secondary  characters,  such  as 
among  living  creatures  determine  varieties  and  races.  We 
appreciate  how  profoundly  arbitrary  such  a  definition  is.  One 
variation  may  seem  fundamental  to  some  palaeontologists  while 
to  others  it  may  not  appear  of  sufficient  consequence  to  justify 
the  creation  of  distinct  species.  The  particular  tendencies  of 
each  one  will  exert  their  influence,  just  as  in  Zoology  and 
Botany  the  discussions  up  to  a  recent  epoch  have  been  incessant 
between  students  who  were  inclined  to  multiply  specific  denomi- 
nations and  those  who,  on  the  contrary,  wished  to  restrict  them. 

Practically,  we  generally  endeavor  to  group  under  the  same 
specific  denomination  those  forms  which  show  among  themselves 
gradual  transitions.  When  the  passage  forms  are  wanting  we 
make  a  division.  This  presupposes  that  we  have  under  consider- 
ation a  considerable  quantity  of  material,  whilst  in  fact  most 
species  were  originally  established  after  the  examination  of  but 
few  specimens,  and  this  is  the  case  now  in  regard  to  many  new 
species. 

Continuous  series  of  forms. —  While  the  examination  of  these 
questions  is  the  order  of  the  day,  biologists  are  constantly  dis- 
covering many  instances  of  continuous  transitions  between 
extreme  forms  which  have  hitherto  been  considered  very  dis 
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similar.  Examples  abound  in  actual  nature.  PalaeontologlBtB 
have  resolutely  entered  on  this  path  and  the  results  they  have 
obtained  are  most  interesting. 

The  tirat  works  in  which  largcnumbers  of  individual  specimens 
were  brought  under  notice  are  those  of  Hilgendorf  and  of 
Waagen.  The  former  of  these  writers*  took  up  the  study  of  the 
minute  shells  belonging  to  the  genus  Plano-rhis,  which  are  found 
by  myria.ds  at  various  horizons  in  the  calcareous  rocks  of  the 
Upper  Miocene  of  Steinheim  (Wlirtemburg).  These  shells  pre- 
sent forms  so  varied  that  they  seem  entitled  to  be  classed  in 
different  genera.  They  are  smooth,  carinated,  umbilicated, 
turriculated,  rounded,  furrowed,  etc.,  etc.  Bronn  bad  united 
them  all  under  the  name  of  J'aluiiina  mvHifcfrmif.  Hilgendorf 
and,  following  him,  Hyatt  discovered  all  the  transitions  between 
the  diverse  forms  and  assert  that  they  were  derived  one  from 
another.  It  must,  however,  be  stated  that  these  two  writers  did 
not  group  them  in  the  same  manner. 

Not  less  important  is  the  memoir  of  Waagen  on  "The  Series 
of  Forms  of  AinmaniU-«  siibradiatv-a."  The  author  here  describes 
a  great  number  of  related  forms  which  he  groups  under  the 
generic  name  of  Oppelia,  and  he  calls  attention  to  an  import- 
ant distinction  not  hitherto  remarked.  The  variations  of  one  of 
these  forms  are  of  two  kinds.  The  one  kind  extend  from  one 
locality  to  another  in  deposits  of  the  same  age;  Waagen  calls 
these  variations.  The  other  kind  make  their  appearance  in 
successive  deposits  of  the  same  locality  ;  he  calls  these  mutations. 
In  describing  diverse  species,  Waagen  establishes  the  filiation  of 
all  these  species  in  time,  and  their  variations  according  to 
localities. 

As  a  third  example  of  classiBcat ion ,  we  may.cite  the  history 
of  the  Paludinas  of  the  Upper  Miocene,  studied  by  Neumayr,t 
to  which  we  shall  have  occasion  to  again  refer. 

These  works  were  a  point  of  departure  for  a  marked  reaction 
against  the  former  tendency,  which  was  to  multiply  iUimitably 
the  number  of  species.  If  many  scientists  still  persist  in  over- 
loading scientific  nomenclature  with  a  multiplicity  of  specific 
denominations  difficult  of  practical  application,  the  greater  nuni- 


ThB  PsmOIFLEa  of  PAXAEOHTOLOaT.  1-1:7 

ber  of  palaeontologists  of  the  present  day  are  other  vrise  engrossed. 
When  they  possess  a  sufficient  quantity  of  materials,  they  study 
minutely  the  variations  exhibited  by  each  separate  form,  and  es- 
tablish ^'  series  of  forms/'  keeping  in  view  both  variations  and 
mutations.  The  analysis  is  carried  farther  than  it  formerly  was» 
but  the  synthetic  conclusions  are  what  complete  it  successfully. 
The  denominations  and  divisions  may  afterward  undergo  some 
change,  according  to  the  preferences  of  authors,  but  the  import- 
ant facts  remain  established,  and  the  evolution  of  the  group  with 
all  its  important  details  is  understood. 

These  delicate  researches  recorded  in  works  of  difficult  read- 
ing, but  whose  conclusions  are  of  the  greatest  interest,  have  been 
carried  on  thus  far  principally  in  the  class  of  MoUusks.  We 
shall  farther  on  point  out  the  significance  of  the  recent  work  of 
Hyatt  on  an  important  family  of  Ammonites.  Buckman  has 
gradually  brought  into  notice  the  Ammonites  of  the  Bajooian  stud- 
ied from  the  same  point  of  view.  Analyses  of  a  similar  nature 
have  had  an  especial  bearing  on  the  following  groups :  Among 
the*  MoUusks,  the  Cancellarias  (Hoernes),  the  Inooerami,  HalcHncky 
the  Unionidie  of  the  Slavonic  deposits  (Penecke),  a  very  great 
number  of  Brachiopods  (Davidson,  (Ehlert);  among  the  sea- 
urchins,  the  genus  Ananchytes;  the  plants  considered  as  the  pro- 
genitors of  living  forms  (de  Saporta).  These  researches  are  more 
fertile  in  results  than  those  which  confine  themselves  to  distin- 
guishing more  than  a  hundred  species  of  Unio  in  French  waters, 
or  to  creating  unconsciously  several  specieaout  of  two  branches 
of  the  same  plant. 

What  conclusion  is  to  be  drawn  then  from  all  that  has  been 
said  on  the  subject  of  the  limitation  of  species  in  Palaeontology  t 
At  the  present  hour  every  criterion  is  at  fault.  The  limitation 
of  species  is,  as  has  often  been  remarked,  a  matter  of  apprecia- 
tion. We  group  under  one  denomination  the  most  closely  related 
forms,  those  which  are  united  by  many  degrees  of  transition,  but 
all  separable  from  different  forms  by  an  appreciable  interval. 
Frequently  the  transitions  are  defective  between  the  forms  which 
are  found  in  different  layers  of  the  same  locality,  whilst  most 
horizons  are  characterized  by  especial  species  for  every  group  of 
fossils.  We  shall  presently  see  the  cause  of  this  phenomenon, 
which  everywhere  presents  numerous  exceptions. 


148  Eepoet  of  the  State  Geologist. 

Natural  Selection. —  The  principle  of  natural  aehdion,  dis- 
covered by  Darwin  and  Wallace,  explains  how  individual  varia- 
tions accumulate  and  intensify  among  the  descendants  of  one 
and  the  same  form  untO  they  produce  at  first  varieties,  and  in 
the  end  distinct  species.  This  principle,  so  well  known  at  pres- 
ent that  it  ia  unnecessary  to  explain  it  in  detail,  c insists  in  this: 
that  the  struggle  for  existence  permits  the  survival  and  per- 
poUiation  only  of  those  forms  capable  of  resisting  changes  to 
their  environment  which  are  often  disadvantageous;  the  varia 
tions  which  are  of  utility,  transmitted  by  heredity,  will  result  in 
the  preponderance  of  the  form  which  exhibits  them,  and  will 
become  more  pronounced  with  each  succeeding  generation. 
When  the  differentiation  is  pushed  far  enough,  the  new  form  can 
no  longer  cross  with  that  from  which  it  sprang,  and  a  species  ia 
established ;  the  primilivo  form  may  either  entirely  disappear, 
or  may  persist  without  modification,  or  may  evolve  in  several 
different  directions. 

Palaeontology  can  bring  no  direct  argument  in  support  of  the 
principle  of  selection.  But  this  principle  is  the  foundation  of 
the  entire  transformist  doctrine,  the  various  propositions  of 
which  constantly  receive  from  Palaeontology  demonstrative 
verifications. 

Intermediate  forms.  —  We  must  pause  here  to  consider  an 
objection  which  is  made  to  the  hypothesis  of  the  evolution  of 
forms.  It  has  been  observed  that  if  species  are  derived  grad- 
ually, one  from  another,  one  ought  always  to  find  intermediate 
types,  and  the  two  extremes  must  embrace  a  series  of  forms 
strictly  continuous  To  this  it  may  be  replied  that  the  very 
principle  of  natural  selection  supposes  that  the  intermediate 
forms  could  not  be  of  very  long  existence,  since  they  lie,  so 
to  say,  between  two  fires.  It  ia  then  a  natural  consequence  that 
in  existing  nature  there  should  not  be  found  any  transition  forms 
between  different  species,  unless  in  the  case  of  a  new  form  whose 
evolution  is  not  yet  completed.  This  occurs  in  fact  in  cases 
which  the  progress  of  observations  has  shown  to  bo  more  and 
more  frequent. 
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Bat'  a  new  objection  presents  itself  which  brin^i^  us  back 
directly  to  our  subject  In  the  examination  of  successive  geologic 
beds,  we  ought  always  to  be  able  to  find  transition  types 
between  two  distinct  species,  either  under  the  form  of  local 
varieties,  or  else  under  the  form  of  mutations.  But,  on  the  con- 
trary (as  it  is  claimed),  Palaeontology  fails  to  furnish  any  such 
indications. 

Darwin  replied  to  this  arguinent  by  laying  stress  on  the  insuf- 
ficiency of  geologic  documents,  an  insufficiency  concerning  both 
the  difficulties  of  fossilization  and  the  relative  scarcity  of 
materials  acquired.  Since  that  period,  attention  having  been 
directed  toward  this  class  of  studies,  the  transition  types 
discovered  have  become  more  and  more  numerous.  We  have 
cited  some  of  these,  and  in  the  course  of  the  following  chapters 
we  shall,  little  by  little,  give  descriptions  of  thenu  Still  it 
remains  an  indisputable  fact  that  in  the  most  thoroughly  explored 
regions,  those  where  the  fauna  is  best  known,  as,  for  instance,  the 
Tertiary  of  the  Paris  basin,  the  species  of  one  bed  often  differ 
widely  from  those  of  the  preceding,  even  where  no  stratigraphic 
gap  appears  between  them.  This  is  easily  explained.  The  pro- 
duction of  new  forms  usually  takes  place  within  narrowly 
limited  regions.  It  may  happen  in  reality  that  one  form  evolves 
in  the  same  manner  iji  localities  widely  separated  from  each 
other,  and  farther  on  we  shall  see  examples  of  this ;  but  this  is 
not  generally  the  case,  the  area  of  the  appearance  of  species  is 
usually  very  circumscribed.  This  fact  has  been  established  in  the 
case  of  certain  existing  butterflies  and  plants.*  The  diversity 
having  once  occurred,  the  new  types  spread  often  to  great  dis- 
tances, and  may  be  found  near  the  present  form  without  crossiog 
with  it  or  presenting  any  trace  of  transition. 

The  same  phenomenon  must  have  taken  place  in  former  epochs. 
It  is  then  only  by  the  merest  chance  that  geologists  are  able  to 
locate  the  origin  of  the  species  they  h^Ye  under  consideration ; 
if,  furthermore,  the  phenomena  of  erosion  or  metamorphism 
have  destroyed  or  changed  the  locality  in  question,  direct  obser- 
vation will  not  furnish  any  means  of  supplying  the  missing  links 
of  the  chain.  Nevertheless  in  certain  places  rich  in  fossils,  where 
the  superposition  of  the  deposits  is  without  interruption,  some 

*  Bat«8,  The  Naturalist  on  the  Amazona.    London,  1868. 
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nspecial  localities  have  been  found  where  the  appearance  of  new 
Bfqrms  have  been  carried  forward  with  a  certain  intensity.  Thus 
■Hyatt*,  after  having  studied  thousands  of  individuals  from  the 
Kprincipal  deposits  of  Europe,  decides  that  the  cradles  of  the 
»Tarious  branches  of  the  Arietida;  are  the  l>asin8  of  the  C&te  d'Or 
Vuid  of  Southern  Oermany. 

I     Transitions  between  genera  and  between  the  larger  groups. — 

Iffhe  preceding  remarks  relating  to  the  causes  of  the  insufficiency 

Bof  palaeontologic  documents  are  applicable  also  to  the  terms  of 

Kiransition  which  must  have  existed  among  the  more  extensive 

Bgroups,  as  genera,  families,  orders  and  classes.     If  the  principle 

li  of  evolution  is  correct,  forms  the  most  isolated  in  appearance,  the 

R  most  specialized  types,  must  be  connected  by  transition  stages  with 

I'Ancestrai  forms,  whence  other  groups  were   derived.     Palaeon- 

Litology  brings  to  light  a  great  number  of   these  intermediate 

r^ypes  which  have  at  the  present  day  entirely  disappeared.     Thus 

K^mong  the  Echinoderms,  the  group  of  Cystidians  embraces  forms 

■,Vbich  must  have  given  rise  to  the  types  so  well  defined  at  the 

■present  epoch,  Asteroids,  Eohinoids  and  Crinoids.     Among  the 

VTertebrates  we  recognize  transitions  between  the  Reptiles  and 

FUie  Batracbians;  the  most  ancient  of  the  Crocodilians,  Lacer- 

tilians,  etc..  difforcd  loss  Lliati  dn  tho  living'-  foniis,  ;tii<l  apj>ruiich 

nearer  to  the  lowest  type  of  the  class,  represented  at  present  by 

the  genus  Uaiteria.     The  most  ancient  birds  known  had   very 

marked  reptilian  characteristics,     Palaeobotany  furnishes  also 

conclusive  examples  in  plants ;    the    primitive    forms    of    the 

Gymnosperms  and  Angiosperms  are  at  present  known. 

Palaeontology  thus  furnishes  important  arguments  in  support 
of  the  continuity  of  animal  or  vegetable  forms.  Nevertheless, 
03iiaiderable  gaps  still  exist.  As  in  the  case  of  species,  these 
gaps  are  gradually  narrowed  by  the  recent  discoveries  of  exotic 
beds.  Thus,  until  the  last  few  years,  it  was  a  matter  of  surprise 
to  see  the  Ammonites  suddenly  appear  in  the  Trias,  in  forms 
already  very  complicated,  and  with  no  apparent  connection  with 
the  Goniatites  of  the  Carboniferous.  But  the  recent  investiga- 
tions of  Gemmellaro  upon  the  fauna  of  Sicily,  those  of  Waagen  on 
the  fauna  of  India,  have  made  known  transition  forms  in  the 

•Hyatt,  Qcnaiiofthc  Arittida  (Vcm.Vui,  Comp,  Zaol,    CunbrldEe,  ias9.) 
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Permo-oarboniferoas  age,  and  have  demonstrated  that  the  evolu- 
tion of  the  Ammonite  type  most  have  taken  plaoe  in  the  Bouthem 
and  eastern  Mediterranean  zone. 

Whilst  aoknoveledging  the  importance  of  the  new  resnlts  with 
whioh  Palaeontology  has  enriohed  the  history  of  the  evolution  of 
organisms,  it  must  be  allowed  that  this  soienoe  so  far  has  not 
done  all  that  was  expected  of  it,  especially  as  to  what  concerns 
the  origin  of  the  great  subdivisions  of  the  animal  kingdom.  Thus 
the  Brachiopods,  Insects  and  Mammals  appear  isolated,  notwith- 
standing that  their  remains  have  been  found  in  more  and  more 
ancient  deposits;  the  representatives  of  the  ancestral  forms  of 
these  groups  thus  far  have  not  appeared.  Frequently  some  especial 
cause  for  each  particular  case  can  be  assigned  for  these  gaps. 
Thus,  for  instance,  the  ancestors  of  the  Vertebrates  were  proba- 
bly soft  animals,  as  seems  to  be  proved  by  the  existence  of 
Amphicxus;  naturally  they  would  not  leave  any  traces  in  the 
rocks.  The  same  may  be  said  of  the  progenitors  of  the  Batraoh- 
ians,  which  were  cartilaginous.  Or,  again,  the  group  in  its 
entirety  is  not  aquatic,  and  leaves  but  few  representatives,  as  is 
the  case  with  birds  and  insects.  Lastly,  it  may  happen  that  the 
hard  parts  which  are  of  much  importance  in  affording  us  an 
acquaintance  with  a  large  number  of  individual  fossils,  still  do 
not  permit  of  any  precise  determination  of  anatomical  details, 
as  in  the  case  of  the  Crustacea,  the  Gasteropoda,  and  many  of 
the  Ccelenterata. 

Saltation.^ — The  insufficiency  of  materials,  so  of  ten  invoked, 
partly  explains  then  the  gaps  observed,  and  weakens  the  im- 
portance of  the  arguments  deduced  from  those  against  evolution. 
Nevertheless,  this  idea  is  not  sufficient ;  it  does  not  explain,  for 
example,  why  the  Acephala  are  never  found  in  the  Cambrian,! 
while  the  Gasteropoda  are  numerous  there ;  and  why  they  appear 
suddenly  in  the  middle  Silurian  in  various  forms  and  bearing  all 
the  essential  characteristics  of  a  group.  Neither  does  it  explain 
why,  in  more  recent  epochs,  important  gaps  exist  between  fami- 
lies in  groups  whose  representative  fossils  are  very  numerous 
and  well  preserved.  If  we  examine  the  succession  of  life  in 
time,  or  study  the  contemporaneous  forms  of  any  given  epoch, 

*  Elmer,  EnMehung  der  Arten^  Jena,  1887. 

yiAier  Htudlos  of  those  faunas  by  Walcott  and  others,  show  the  preaence  of  Aoephala  In  the 
lower  Cambrian.—  Ed. 
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nature  everywhere  seems  to  give  an  emphatic  denial  of  the  cele- 
brated formula  so  long  considered  an  axiom,  natura  non  facit 
galttui.  The  continuity  is  sometimes  manifest,  evident  to  the 
point  of  rendering  it  almost  impossible  to  form  distinct  groups, 
for  example,  of  those  contained  in  a  large  genus ;  but  the  interme- 
diate forms  are  more  and  more  rare  between  genera,  families, 
orders  and  classes.  There  are  times  when  evolution  seems  to 
have  proceeded  by  leaps  more  and  more  abrupt.  There  is  a 
much  greater  difference  between  the  Acephalate  and  the  Gaster- 
opod  which  resembles  it  the  most  closely,  than  there  is  between 
the  two  extremes  of  the  series  of  Acephala,  or  between  the  two 
extremes  of  the  series  of  Gasteropoda,  Between  the  Repl  lies  and 
Mammals  only  two  or  three  intermediate  forms  are  found,  and 
these  are  doubtful  and  aberrant,  but  if  the  appearance  of  this 
last  typo  bad  been  as  gradual  as  its  ulterior  evolution,  millions  of 
transition  forms  must  have  existed  in  a  long  series  of  geologic 
beds,  and  it  would  have  been  impossible  for  them  to  have  left 
so  few  traces. 

A  great  majority  of  the  transformist  school  of  the  present  day 
interpret  these  important  facts  In-  admitting  that  evolution  must 
have  taken  place  sometimes  very  rapidly  ;  this  is  the  hypothe- 
sis of  SaUaiin,,,  cs|ieci;illy  maint^iincd  by  Cope  anci  Iliiidciiian, 
It  is  incontrovertible  that  the  rapidity  of  evolution  in  the  same 
group  presents  extreme  variations ;  thus,  on  the  one  side  we  see 
the  type  of  Lingvla  existing  without  any  important  modification 
from  the  Cambrian  [Ordovician]  epoch  to  the  present,  while  among 
the  Terebratulas  and  Rhynchonellas  the  species  is  constantly 
losing  its  hearings,  as  Vilmorin  has  picturesquely  expressed  it.  It 
is  well  known  also  that  the  essays  of  experimental  transformism 
have  demonstrated  that  very  appreciable  variations  can  be  ob- 
tained in  the  course  of  a  few  generations.  Saltation  consists  in 
this,  that  these  rapid  variations  of  a  given  type  may  be  continu- 
ously produced  in  one  and  the  same  direction,  so  as  to  effect  a 
notable  modification  of  the  primitive  type.  There  must  have 
been,  in  some  sort,  an  accumulation  of  "progressive  forces"  and 
the  "  conservative  forces  "  yielding  suddenly,  finally  permitted  the 
production  of  the  evolution,  for  which  preparation  had  been 
made  during  the  coarse  of  generations.  This  idea  of  the  discon- 
tinuity of  the  effect  despite  the  continuity  of  the  effort  has 
abundant  illustration  in  all  the  physical  sciences. 
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Advocates  of  the  transformist  doctrine  had  this  hypothesis  long 
in  mind,  but  only  recently  has  it  been  definitely  formulated, 
and  it  is  still  at  the  present  day  difficult  to  give  any  very  precise 
proofs  of  it.  We  have  thought  it  desirable  to  make  particular 
mention  of  it  for  the  reason  that  it  adapts  itself  in  a  remarkable 
manner  to  palaeontologic  data,  and  explains  many  difficulties. 

§  2.  Causes  of  Vabiatioh.* 

Insufficiency  of  the  theory  of  selection. —  Without  recanting 
any  of  the  doctrines  which  he  had  so  firmly  established,  Darwin, 
toward  the  close  of  his  life,  became  convinced  that  natural  selec- 
tion,  all  sufficient  for  the  fixation  of  variations  and  the  production 
of  divergencies,  was  not  sufficient  to  explain  the  cause  of  these 
variations,  and  was  not  the  sole  phenomenon  which  played  a  part 
in  the  mechanism  of  evolution.  More  of  a  Darwinist  than  Dar- 
win himself,  Wallace  has  always  attributed  to  natural  selection 
an  exclusive  iniluence;  ho  admits  that  individual  variations  are 
spontaneous,  multifold  and  produced  in  every  sense  at  hazard,  and 
that  a  very  small  proportion  of  them  are  transmitted  by  selec- 
tion, and  are  of  no  utility  in  introducing  any  other  force. 

One  of  the  most  interesting  questions  on  the  subject  under 
consideration  is  this,  whether  individual  variations  are  really 
spontaneous  or  whether  they  are  due  in  some  degree  to  the 
direct  action  of  the  meditun  in  which  the  organism  exists.  We 
know  that  Lamarck  attributed  a  preponderating  influence  ta 
the  conditions  of  the  surrounding  medium.  He  found  the 
explanation  of  the  mechanisnof  variation  in  the  development 
of  those  organs  which  were  frequently  exercised,  and  the  reduc- 
tion of  such  as  were  not  used.  This  is  the  phenomenon  which 
Ball  calls,  for  the  sake  of  brevity,  the  heredity  of  exercise.  This 
idea  was,  from  the  outset,  ridiculed  by  prejudiced  adversaries, 
and  judgment  was  passed  on  it,  as  is  expressed  by  Isidore  Geof- 
froy  ISaint-IIilaire,  '*  without  any  study  having  been  made  of  the 
sources  themselves,  and  following  unreliable  accounts  which  are 
to  the  views  of  Lamarck  only  what  a  caricature  is  to  a  portrait." 

Darwin,  and  especially  AVallace,  at  the  outset  rejected  the 
ideas  of  Lamarck  without  much  investigation^of  them,  but  they 
have  recently  been  revived  with  distinguished  success  by  Herbert 

•  RUey,  Cm  the  Causes  of  Variufi  >n  in  Or^janio  l-'oniui.1_{I^oc.  Americ.  Assoc.  Adv.  Sc.  1888.) 
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Spencer,*  by  Semper,t  by  CopeJ  and  the  American  school  of 
Neo-Lamarckiana.  Spencer  insists  on  the  effects  of  use  and 
disuse  Jind  shows  that  very  small  variations  in  the  force  of  an 
organ  can  be  of  no  service  to  the  individual  nor  thus  preserved  by 
natural  selection.  These  objections  appear  to  have  much  embar- 
rassed "Wallace,  who  replies  by  the  enunciation  of  a  new  law  due  to 
Galton  —  the  law  of  the  return  to  the  mean:  When  any  part  has 
been  increased  or  diminished  by  selection,  there  is  among  the 
progeny  a  strong  tendency  to  return  to  the  mean  condition  when- 
ever the  influence  of  selection  ceases  to  act.  The  degeneration 
of  the  atrophied  parts  might  also  be  explained  by  a  utilitarian 
purpose ;  an  organ  too  weak  becomes  a  source  of  danger  and 
should  disappear  by  selection. 

The  whole  question  becomes  reduced  to  two  terms  which  are 
easy  to  deCne. 

1.  Are  there  really  individual  modiGcations  which  are  due 
directly  to  variations  of  tho  medium  ? 

2.  If  the  modifications  in  (juestion  are  produced,  can  they  be 
transmitted  by  heredity  i 

Influence  of  the  medium. —  The  affirmative  answer  to  the  first 
\  question  has  been  given  in  particular  by  Semper,  who  supports 
it  by  niiiiieroiis  examples  drawn  from  the  Jfolliislis.  Tho  recent 
experiments  made  on  plants,  particularly  by  the  Botanical  School 
of  France,  show  in  the  structure  of  plajits  important  and  strictly 
determinate  variations  as  conspicuous  in  the  higher  types  as 
in  lower  forms,  like  the  Mushrooms.  Facts  of  this  kind  form 
the  basis  for  the  methods  everywhere  applied  for  the  transforma- 
tions of  pathogenic  microbes  in  vaccinations.  Accurate  experi- 
ments have  been  made  on  beings  of  much  higher  organization. 
"Whitfield,  Semper,  Locard,  Clesain,  Uall,  Baudon,  etc.,  have  shown 
that  important  variations  were  effected  among  Mollusks  by 
changes  in  the  dimensions  of  the  medium,  in  its  agitation,  in  its 


These  observations  are  not    very  easily  explicable  by  the 
theory  of  Weismann,  which  Wallace  has  accepted,  of  the  non- 
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heredity  of  acquired  cJiaracterieUce.*  Still  it  is  oertain  that 
yariations  produced  directly  and  artificially  are  not  generally  so 
strongly  fixed  that  the  modified  type  may  not  return  to  the  primi- 
tive type  by  a  return  to  the  first  conditions.  This  notably  happened 
in  the  famous  experiments  of  Schmankewitz  on  Artemia  8€Uina.f^ 
This  Phyllopod  Crustacean  normally  lives  in  brackish  waterSi 
but  being  raised  in  waters  more  and  more  fresh,  it  evolved  gradu- 
ally, and  at  the  end  of  some  generations  was  transformed  into  a 
very  different  form  which  had  been  described  under  the  name  of 
JSranchipue  stoffnalisj  and  which  lived  normally  in  fresh  water. 
On  the  contrary,  by  augmenting  the  saltnessof  the  water,  Artemia 
ealvna  can  be  transformed  into  A.  MUhaueeni^  a  spedes  which 
habitually  lives  in  marine  waters.  But  in  the  case  under  con- 
sideration it  is  to  be  seen  that,  on  the  one  hand,  the  variation  is 
not  suflSciently  fixed  to  prevent  the  return  to  the  primitive  type 
(whichever  of  the  three  species  that  may  be);  whilst,  on  the 
other  hand,  the  acquired  characteristics  are  highly  hereditary, 
since  in  a  given  medium  each  of  the  three  forms  respectively  per- 
petuates itself  with  a  persistency  sufficient  to  form  a  veritable 
species. 

The  direct  or  indirect  influence  of  the  medium  on  variation  is 
moreover  an  indubitable  fact,  but  it  remains  to  be  determined 
whether  the  variations  thus  transmitted  are  acquired  by  exercise 
or  disuse,  or  whether  they  are  spontaneous  variations  of  the  ger- 
minative  plasma,  accumulated  through  natural  selection. 

Experimentation  alone  can  furnish  a  conclusive  solution  of  this 
problem,  which  at  the  present  day  engages  the  attention  of  so 
many  naturalists.  Palaeontologists,  moreover,  have  entered  into 
the  discussion,  and  have  brought  forward  arguments  more  or  less 
theoretic,  drawn  from  the  study  of  fossils. 

American  Neo-Lamarckism. —  The  theories  of  Cope:|:  and  of 
Hyatt  are  enveloped  in  some  metaphysical  obscurities  which 
struck  Darwin  himself.g  The  most  important  points  are,  first, 
the  acceptation  of  the  influence  of  the  medium ;  and,  next,  the 


*0d  this  t&cory  '(theory  of  the  continuity  of  the  germ-plasma)  and  iU  consequencefl 
Welstnann,  E^say  on  Heredity  and  Natural  SSclection;  Ball,  Arethe  effectaofuae  and  dtauae  hereditary  f 
NumerouB  articles  by  Vines,  Turner,  Welsmann,  Osborn,  Mlvart,  Ryder,  Lankester,  etc.,  In  Nature 
and  American  XaturaJiHt.    188y,  isyo,  18yi. 

t  Schmankewitz,  Zeitschf.  w.  Zool.    1877. 

X  Cope,  Origin  of  the  Fittest.    Essays  on  Evolution,    New  York,  1887. 

I  Life  and  Correspondence  of  Darwin. 


BQC 
I Sic 


156  Eepoet  of  the  SrAXE  GEOLoaiar. 

inten-ention  of  a  force,  not  well  defined  indeed,  called  Bathmism, 
which  appears  to  be  nothing  else  than  a  generalization  of  the 
laws  of  acceleration  and  retardation,  a  subject  which  we  shall 
oosmder  farther  on.  The  interest  of  these  works,  abstracting 
^om  them  the  [»urelj  metaphj'sical  portion,  is  the  application  of 
the  theory,  just  explained,  to  Palaeontology.  Admitting  that' 
■frequent  exercise  strengthens  organs,  Cope  points  out  an  easy 
explanation  of  cases  of  interesting  variations.  The  most  striking 
[•example  is  furnished  by  the  origin  of  the  structure  of  the  Foot  io 
,the  hoofed  animals.  Cope  admits  that  the  parts  which  composa 
the  membera  may  become  lengthened,  under  the  inlluence  either 
of  reiterated  shocks  or  of  tension.  Hence  originates  the  length 
of  fingers  in  the  Digitigrades,  the  length  of  the  tibia  among  the 
Plantigrades,  the  development  of  the  hind  feet  of  Uie  Jumpers, 
BQtib  as  the  Kangaroos  and  Jerboas,  and  the  fore  feet  of  the 
Sloths. 

The  soldering  of  the  bonea  and  the  development  of  the  joints 
'Teceive  a  simple  explanation,  as  does  also  the  presence  of 
'llorns  in  the  Ruminants.  The  evolution  of  these  organs  ia  fol- 
lowed, step  by  step,  in  the  fossil  types  down  to  the  present  forms, 

id  is^well  developed  in  the  sense  indicated  by  the  theory.  It  is 
able  how  emphatically  thfi  American  school  reverts 
to  the  ideas  for  which  Lamarck  was  so  bitterly  reproached, 
and  explains  them  in  almost  the  same  terms.  But  Cope  goes 
still  farther,  'and  considers  animal  will  and  intelligence  to 
be  primordial  causes  of  these  variations;*  thus,  at  the  outset, 
it  was  because  the  aquatic  animal  sought  to  keep  its  legs 
stiff,  that  those  organs  lost  the  power  of  flexibility  in  any 
great  degree;  so  too  the  Artiodactyls  would  intentionally 
draw  back  the  two  extreme  fingers  behind  the  (.thers  in  order  to 
protect  them,  and  so  on.  It  is  unnecessary  to  insist  on  the 
numerous  and  definite  objections  which  are  raised  against  these 
exaggerations.  The  American  school  has,  moreover,  rendered 
many  other  services  to  the  transformist  cause,  and  we  shall 
presently  see  how  the  works  of  Hyatt  put  us  in  possession  so  far 
as  one  extensive  group  ia  concerned,  of  the  mechanism  of  the 
production  of  new  forms. 

*Cope,  OHgin  of  tkt  Fftlat. 
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§  3.  Effects  of  External  Causes. 

Adaptation. —  The  adoption  of  the  hypothesis  of  the  influence 
of  the  medium  furnishes  an  immediate  explanation  of  the 
innumerable  cases  of  adaptation  which  are  observable  in  the  two 
organic  kingdoms.  Natural  selection  alone  would,  moreover, 
furnish,  in  many  cases,  a  sufficient  interpretation  of  the  phenom- 
ena observed. 

Adaptation  is  the  fact  that  types  which,  in  the  sum  of  their 
characteristics,  manifestly  belong  to  the  same  group,  present  dif- 
ferences which  are  in  direct  relation  to  their  especial  mode  of 
life.  Thus  the  Cheiroptera  differ  from  alt  the  Mammals  by  their 
adaptation  to  aerial  locomotion;  the  Pulmonates  are  the  only 
MoUusks  (with  three  or  four  exceptions)  adapted  to  respiration 
in  the  air  ;  the  limbs  of  the  Cetacea  permit  only  aquatic  locomo- 
tion, etc. 

The  phenomena  of  adaptation  have  been  particularly  eluci- 
dated by  Geoflfroy  Saint- Hilaire,  who  demonstrated  that  in  the 
same  group  the  organs  adapted  to  diverse  functions  are  referable 
to  one  and  the  same  type.  He  established,  for  example,  the 
homology  of  the  parts  of  the  skeleton  of  the  vertebrates,  what- 
ever the  functions'  to  which  they  are  applied  in  the  diverse 
forms.  From  this  it  is  but  one  step  to  a  reasonable  explanation 
of  those  diversities  by  the  hy[)othesis  that  modifications  are  act- 
ually and  gradually  produced  at  the  expense  of  the  primitive 
type.     This  step  Geoff roy  unhesitatingly  took. 

We  must  include  in  this  order  of  phenomena  all  cases  of 
mimicry,  premonitory  coloring,  etc.,  on  which  Darwin  and 
Wallace  so  ur^rentlv  insisted. 

Zoology  and  Botany  display  at  every  step  examples  of  this 
important  phenomenon.  ralaeontology  ])laces  it  within  our 
po^er  to  grasp  this  i)lienomenon  of  function,  and  in  many  cases 
shows  how  the  gradual  transformiiti(>ns  are  ])ro(luced. 

The  most  celel)ratcd  exam])le  is  that  drawn  from  the  s'-udy  of 
the  fossil  forms  whicti  are  considered  as  representing  the  series 
of  progenitors  of  the  horse.  It  is  well' known  that  among  those 
animals  the  cubiius  and  the  radius  are  rudimentary,  that  each 
limb  presents  but  a  single  linger,  by  the  sides  of  which  are  two 
small  stylets,  wliich  represent,  in  the  rudimentary  state,  the 
fingers  2  and  4  of  the  other  i\rammals.  These  fing(?rs  are  very 
much  elongated. 

JJut  there  has  been  found  in  Europe,  and  especiallv  in 
America,  at  a  period  later  than  the  Lower  Eocene,  an   entire 
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jeries  of  types  in  which  these  characteristics  of  adaptation  ar© 

more   and   more  strongly    marked.     The    first   of   these   types, 

Eohijipus,  has  one  cubitns,  and   one  fibula  very   distinct,   four 

I  fingers,  and  one  rudiment  on  the  fore  foot,  three  on  the  hind 

foot.     This  animal,  small  of  size,  presents  in  but  a  slight  degree 

\  the  differential  charuoterislics  of  the  horse,  but  through  all  the 

\  succeeding  generations  the  characteristics  in  question  make  their 

r  appearance    little    by    little,   by    a    very  moderate    gnulation 

I  (Marsh,  Huxley)* 

[  The  adaptation  to  flight  of  the  anterior  limbs  of  birds  is 
f  brought  auoui  by  a  process  of  evolution,  several  terms  of  which 
I  are  known  to  us.  Among  ordinary  birds  the  fingers  of  the 
I  anterior  extremity  are  shortened  in  such  a  manner  that  one  of 
I  the  fingers  is  only  a  weak  stump;  the  remainder  of  the  hand 
f  is  reduced  to  three  metacarpals  nnited  and  bearing  one  or  two 
I  phalanges.  The  extremity  of  the  wing  can  only  execute  move- 
I  ments  of  flexion  of  small  scope.  But  the  most  ancient  bird 
I  known,  the  Archmojittryj:  of  the  Upper  Jurassic  presents  a  much 
I  less  degree  of  regression  ;  three  fingers  are  well  represented  and 
I  separated;  the  middle  finger  has  three  phalanges,  the  others  two, 
I  and  the  lingers  terminate  oy  claws  so  ihat  the  hand  is  adapted 
I  to  prehension.  The  embryos  of  the  ostrich  possess  character- 
I  istics  between  these  two  extremes.  Other  details  relating  to  the 
I  power  of  flight  are  also  seen  in  other  organs,  and  to  a  les» 
I  degree  in  Archmopteryx  which  is  closely  related  to  the  reptiles, 
I  than  in  the  living  birds.  In  the  course  of  this  work  we  shall 
refer  to  numerous  cases  of  the  same  kind. 

The  organs  most  apt  to  undergo  modifications  arc  naturally 
those  which  serve  the  animal  in  its  relations  with  the  external 
world;  such  especially  are  the  members  which  are  employed  in 
prehension,  progression,  flight,  leaping,  swimming,  and  in  the  teeth 
which  are  adapted  to  the  food  of  the  animal. 

But  in  many  instances  the  entire  form  of  the  animal  may  be 
modified  by  causes  of  the  same  Itind,  and  Palaeontology  some- 
times leads  to  the  discovery  of  the  gradual  progress  of  this 
evolution. 

Correlation. —  Generally  speaking,  the  adaptation  of  any  type 
to  a  determinate  mode  of  existence  is  not  conSned  to  the  modifi- 
cation of  a  single  organ  ;  for  example,  the  transformation  of  a 
terrestrial  vertebrate  into  an  aerial  type  supposes  simultaneous 
moditications  in  various  parts  of  the  skeleton,  in  the  muscular 
system  of  the  limbs,  and  also  in  other  parts  of  the  organism. 
Thus  among  adult  birds  the  anterior  and   posterior  extremities 
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undergo  the  modifications  already  mentionedj'^but  furthermore, 
the  three  bones  of  the  pelvis  are  closely  joined,  and  the  caudal 
vertebraB  are  united  in  one  bone  (coccyx).  In  the  Archaeopteryx, 
on  the  contrary,  the  bones  of  the*  pelvis  are  separated,  and  the 
tail  is  formed  of  21  vertebraB;  the  transition  manifests  itself 
in  young  birds,  where  the  bones  of  the  pelvis  are  very  weakly 
united,  and  where  the  vertebrae  of  the  tail  are  clearly  distinct, 
especially  in  the  Ostrich. 

This  is  a  clear  example  of  variations  in  correlation.  The 
principle  of  correlation  was  enunciated  by  Cuvier,  and  applied  by 
him  with  a  success  which  has  remained  a  lasting  triumph. 
According  to  Cuvier,  "  The  parts  of  a  living  organism  are  so 
closely  related,  one  with  the  others,  that  no  one  can  be  changed 
without  necessitating  change  in  the  others."  Hence,  given  the 
form  of  one  organ  of  an  animal,  it  is  possible  to  deduce  the  form 
of  all  the  others.  This  is  a  consequence  of  another  principle, 
that  of  the  conditions  of  existence^  according  to  which  an  animal 
especially  created  to  live  in  certain  conditions,  must  have  all  its 
organs  adapted  to  this  end. 

Cuvier,  a  strenuous  partisan  of  the  creation  and  immutability 
of  species,  did  not  seek  to  investigate  the  cause  of  the  principle 
he  enunciated,  but  confined  himself  to  illustrating  it  by  examples. 
He  showed,  for  instance,  how  among  ttie  carnivorous  mammals 
the  teeth  are  incisive,  and  the  jaw  so  artjculated  that  only 
vertical  motion  is  possible ;  among  the  herbivora,  on  the  con- 
trary, the  teeth  are  cuspidate,  adapted  to  grinding,  and  the 
articulation  of  the  condyle  of  the  jaw  is  so  elongated  as  to  favor 
a  lateral  motion.  These  characteristics  with 'others  are  always 
associated  in  the  same  individual. 

We  shall  presently  see  what  estimate  we  should  make  of  the 
general  application  of  this  law. 

The  question  here  concerns,  as  is  understood,  diff*erent  organs 
adapted  to  the  accomplishment  of  the  same  function. 

But  it  frecjuently  hapj)cns  also,  that  variations  a])pear  in  correla- 
tion without  tlie  preceding  condition  Veing  realized.  Let  us 
consider,  for  example,  the  series  of  fossils  of  which  the  horse  is 
the  last  term. 

The  study  of  the  dentition  shows  a  series  of  progressive  dif- 
ferentiations from  the  molars  with  omnivorous  tubercles,  in 
EoliipinLH  to  the  molars  with  herbivorous  lamelke  in  the  living 
horse.     There  exists  a  correlation  between  these  variations  and 
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t^nse  of  the  framework  of  the  extremities,  and  it  furniBhes  a 
now  proof  applicable  to  other  animals.  Among  the  Ruminant 
Artioiidtity Is  thuro  exists  a  quite  analogous  series  of  fossils  in 
which  the  number  of  tin^ra  passes  from  four  to  two  by  a 
gradual  regression  of  the  two  lateral  fingers," while  the  molars 
exhibit  modifications  entirely  analogous  to  those  in  the  horse. 
There  is  theu  u  correlation  between  the  adaptation  of  the  mem- 
bers of  the  ungulalcB  to  running,  and  the  specialization  of  their 
teeth  to  an  herbivorous  diet. 

'  Jn  both  the  casea  mentioned,  each  of  the  characters  separately, 
distinguishing  a  perfect  condition  for  the  species,  is  explainable 
by  the  theory  of  natural  selL-clion;  whilst  some  other  instances 
of  correlation,  perfectly  authenticated,  are  more  difllcidt  to 
explain.  Certain  characters  which  are  apparently  useless  to  the 
sijecies,  present  sometimes  a  great  variability ;  these  are  the 
characters  which  the  Darwinian  sclioul  calls  'Morphologic  char- 
acters. But  it  is  undeniably  established  that  they  are  in  correla- 
tion with  characlers  of  recognized  utility  to  the  species,  varying 
as  these  vary,  and  thus  coming  under  ilie  law  of  natural  selec- 
tion. 8uch,  for  example,  are  the  secondary  sexual  character- 
istics, such  as  the  bearu-of  men,  the  loug  hair  of  women,  etc. 
Rudimentary  organs. —  According  to  Cuvier  the  principle  of 
irrelation  of  forms  was  in  contradiction  to  a  great  number  of 
facts  which  find  their  explanation  only  in  the  theory  of  selection. 
If  the  animal  possesses  all  that  is  necessary  and  nothing  that  ia 
superfluous  for  its  existence  in  the  condition  in  which  It  lives, 
one  can  not  conceive  that  it  can  possess  organs  which  are  mani- 
festly of  no  service  to  it,  and  which  are  found  better  developed 
and  in  a  functional  state  in  allied  groups.  Thus  there  sometimes 
exist  in  man  certain  muscles  which  are  at  other  times  wanting, 
but  which  are  found  well  developed  in  the  monkey.  These  rudi- 
mentary organs  are  innumerable  both  in  the  animal  and  the 
vegetable  kingdoms. 

Palaeontology  often  explains  to  [us  the  significance  of  these. 
The  two  stylets  which  are  found  on  either  side  of  the  foot  of  the 
Horse  correspond  to  the  two  fingers, provided  with  all  theirparts, 
of  the  Tertiary  Equides.  The  Parrot  possesses  in  the  alveolus 
embryonic  teeth  which  never  develop.  But  the  three  birds  so 
far  known  from  the  Secondary  Epoch,  Archaopteryx,  Ivhthyornis, 
and  IJi'sperornis,  had  conical,  sharppointed  teeth  like  those  of  rep- 
tiles. We  are  acquainted,  too,  with  instances  of  limbs,  in  a  rudi- 
mentary state,  hidden  under  the  skin  of  certain  serpents,  and 
the  existence  of  a  very  reduced  pelvis  in  certain  Cetacca,  which 
are  furthermore,  like  the  others,  destitute  of  posterior  limbs. 
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A  curious  instance,  recently  brought  to  light,  is  that  of  the 
pineal  eye  of  Reptiles  There  is  found  among  certain  Lacer- 
tilians,  on  the  top  of  the  head  and  on  the  median  line,  an  organ 
which  in  cases  oi  the  greatest  differentiation  has  the  structure  of 
an  eye,  with  retina,  crystalline  humor  and  optic  nerve  which  passes 
through  a  perforation  of  the  parietal  bone.  But  this  organ  is 
concealed  under  an  opaque  scale,  and  in  no  case  can  be  used  for 
sight.     It  is,  moreover,  g^enerally  very  small. 

But  a  number  of  Reptiles  of  the  Primary  and  Secondary  epochs, 
especially  those  of  the  lower  groups,  present  a  parietal  opening 
situated  exactly  like  that  of  the  Lizards,  with  a  much  larger  aper- 
ture. It  appears  then  almost  certain  that  at  that  epoch  the 
pineal  eye  must  have  fulfilled  the  function  of  an  eye,  and  its 
presence  is  quite  inexplicable  in  actual  types  where  its  situation 
IS  such  that  it  can  not  serve  for  seeing,  unless  we  allow  the 
admission  that  these  existing  forms  have  descended  from  ancient 
types  where  this  organ  served  a  useful  purpose.  It  isa  curious  fact, 
moreover,  that  the  animil  in  which  the  pineal  eye  is  the  least 
reduced,  the  genus  Ilatteria^  belongs  to  the  most  ancient  group 
known  in  the  whole  class  of  Reptiles  (Rhynchocephala). 

To  sum  up  this  subject,  the  existence  of  rudimentary  organs  is 
one  of  the  most  conclusive  arguments  in  favor  of  the  theory  of 
Evolution. 

Parallelism  and  Convergence. —  The  attentive  study  of  the 
variations  of  organs  among  forms  living  or  fossil,  has  brought  to 
light  another  important  phenomenon  which  in  a  marked  degree 
restricts  the  fmportance  of  the  principle  of  Cuvier  regarding  the 
correlation  of  forms.  It  has  been  observed  that  in  some  groups, 
whether  allied  or  verv  diverse,  the  series  of  modifications  was 
produced  in  the  same  method  and  along  parallel  lines.  Further, 
in  certain  cases,  if  we  examine  through  successive  strata  forms 
originally  dissimilar,  we  find  that  they  evolve  in  such  a  manner  as 
to  diminish  their  differential  characters,  so  that  the  derived  forms 
of  each  series  resemble  each  other  much  more  than  do -primitive 
forms.     These  are  the  phenomena  of  C<mvergc7ice. 

In  regard  to  forms  very  closely  allied,  it  is  natural  that  we 
should  find  similar  conditions  producing  similar  modifications. 
Natural  selection,  or  the  direct  infiuence  of  the  medium,  suffices 
to  explain  this.  Thus,  in  very  extensive  basins,  the  Paludinas, 
though  smooth  and  with  inllited  volutions,  have,  at  various 
epochs  and  different  points,  evolved  into  carinated  and  tubercu- 
lous forms. 
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It  frequently  haiipens  that  an  analogous  process  induces  tnodi- 
ficatioDB  in  the  same  direction  in  very  distinct  animals.  For 
example,  one  of  the  flying  Reptiles  of  the  Upper  Cretaceous, 
Pe^rano'ion,  is  toothless  and  has  a  sharp  beak,  which  probably 
was  covered  with  horn,  If  Cuvier  had  seen  this  head  he 
Would,  without  doubt,  have  considered  it  that  of  a  bird  ;  and  he 
would,  on  the  other  hand,  have  assigned  the  two  toothed  birds 
of  the  same  deposit  to  the  Reptilia,  The  disappearance  of  teeth 
and  the  presence  of  a  beak  are  then  characters  which  have 
affectei!  in  the  same  manner  very  different  types,  Pterosauriaua 
and  Birds,  both  adapted  to  the  same  mo<le  of  life. 

Among  theprimitneBatrachiansof  the  group  of  Stegooephala, 
we  Hnd  the  first  tendency  of  the  four-footed  type  to  elongate  the 
body,  multiply  the  number  of  vertebrfe,  dimmish  or  lose  lirahe, 
to  assume,  in  a  woni,  the  aspect  of  Serpents  {Dolicliosoma).  But 
the  serpentiform  type«  appear  in  very  different  groups.  Among 
living  animals,  true  Batrachians  (Cecilians),  animals  which  have 
thronghout  tliB  anatomical  characteristics  of  the  Lacertilians 
(Amp/iisbcBnm\  also  assume  the  same  vermiform  appearance. 
There  existed  in  the  Cretaceous  epoch,  among  the  Lacertilians, 
gigantic  swimmers  possessing  more  than  a  hundred  and  thirty 
vertebrfp,  and  with  very  small  limbs,  thus  evincing  a  tendency  in 
the  same  direction.  The  Ophidians  also  form  a  branch  of  the 
Lacertilians,  in  which  modification  has  affected  the  external 
I  organs. 

\     An  instance  often  cited  is  the  profound  analogy  in  limbs 
"■transformed  into  swimming  expansions  almost  identical  among 
"Kcptiles  siich  a^  Ichthyosmirus  and    Piesiosaufus,  and  the   Mam- 
malia such  as  Cetacea. 

The  invertebrates  furnish  numerous  examples  of  convergence. 
Among  the  Ammonites,  for  instance,  the  shell  often  presents  a 
considerable  difference  both  in  form  and  ornamentation  between 
the  first  volutions  of  the  spiral,  and  th'>se  which  appear  later 
when  the  animal  has  reached  a  considerable  size.  But  i'rpquently 
the  differential  characters  of  species,  genera,  and  even  of  families, 
disappear  when  the  animal  attains  its  full  size,  so  ihat  sometimes 
it  is  no  longer  possiblo  to  determine  by  external  appearance,  for 
the  Ammouites  of  the  Cretaceous  for  example,  to  what  group  the 
animal  belongs,  wiljkout  breaking  the  shell  and  examining  tlie 
internal  volutions.  We  shall  see  what  bearing  this  fact  has  on 
the  establishing  of  the  genealogical  tree  of  the  Ammonites. 

Among  the  Oasteropoda  the  form  of  the  shell  usually  cor- 
responds as  a  whole  with  the  exterior  form  of  the  body.  But  we 
must  beware  of  drawing  any  conclusions  from  the  variations  of 
the  form  of  the  shell  as  to  ttie  variations  of  the  internal  organs. 
A  classihcatinn  founded  on  the  shell  would  bring  together  the 
most  heterogeneous   types.     Still    variatiims   of    the   shell    are 

Jiroduced  only  in  very  few  directions,  and   the  modifications 
oUow  the  same  law   in  groups  anatomically  farthest  removed 
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from  each  other.  A  shell  normally  spiral  or  turbinate  may  in 
developing  become  simply  conical,  making  the  transition  by  a 
cowl-shaped  form ;  or  it  may  uncoil  so  as  to  oecome  a  straightened 
tube,  or  again  the  later  volutions  may  entirely  cover  those 
preceding  as  is  the  case  in  the  Cypraeidae.  Lastly  the  shell 
passing  beneath  the  mantle  may  regress  and  more  or  less  com- 
pletely disappear.  These  same  phenomena  are  found  in  all  the 
types  of  Gasteropoda ;  Prosobranchia,  Opisthobranchia,  Pulmo- 
nata,  and  Heteropoda. 

These  processes  of  evolution  may  be  compared  to  those  which^ 
in  the  Cephalopoda,  manifest  themselves  at  notably  different 
epochs,  in  the  two  very  distinct  groups  of  the  Tetrabranchiates 
and  the  Dibranchiates.  Forms  more  or  less  completely  uncoiled 
and  precisely  parallel  have  appeared  among  the  Tetrabranchiatea 
of  the  Silurian,  and  the  Ammonitidae  toward  the  Cretaceous 
epoch.  It  is  thus  that  the  Baculitea  of  the  Maestrichtian 
reproduce  the  Lituites  of  the  Silurian.  It  would  seem  that  the 
same  law  of  deformation  of  the  normal  type  presided  over  th& 
evolution  of  these  forms  aud  announced  their  approaching 
decadence. 

Of  the  irregular  Echini  some  are  provided  with  jaws,  others, 
are  destitute  of  them.  No  transition  term  exists  between  the 
two  types  as  regards  these  important  organs.  But  in  regard  ta 
the  exterior  form,  gradual  modifications  appear  in  the  two 
groups  to  such  a  degree  that  for  a  long  time  the  groups  of  th& 
&nathostomes  and  Atelostomes  were  confounded. 

The  Corals,  both  the  perforate  and  the  imperforate,  between 
which  no  transition  exists,  display  also  a  certain  number  of 
simple  or  colonial  forms  which  are  reproduced  in  the  two  groups 
with  a  parallelism  sometimes  so  complete  as  to  make  us  doubt 
whether  the  division  should  be  made  thus  between  the  perforate 
and  imperforate,  or  whether  we  should  consider  as  allied  to 
each  group  of  imperforate  corals  a  corresponding  group  of 
perforate  forms  derived  from  them,  perhaps,  by  regression. 

The  same  remark  is  applicable  to  the  Foraminrfera^  perforate 
and  imperforate,  which  often  present  exactly  the  same  exterior 
forms. 

It  may  be  seen  from  the  foregoing  remarks,  that  when 
we  seek  to  establish  the  real  affinities  of  the  various  groups, 
that  is  to  say,  their  genealogical  tree,  great  attention  must  be 
paid  to  these  phenomena  of  convergence  and  parallelism,  and  it 
must  be  kept  in  mind  that  the  same  causes  have  sufficed  to 
produce  the  same  modifications  among  beings  which  in  other 
respects  had  no  immediate  kinship  one  with  the  other. 

Aberrant  and  synthetic  types. — A  second  important  exception 
to  the  principle  of  correlation  is  drawn  from  the  fact  that  the 


various  series  established  by  taking  into  account  only  tlie  varia- 
tion of  a  given  structure,  do  not  often  fuse  ioto  a  single  series, 
i  the  principle  of  correlation  would  require.    This  fact  leads 
I  lis  to  a  new  conception  of  great  importance. 

We  say  that  an  animal  of  a  certain  group  is  aberrant  as  to  one 
\<A  its  organs,  when  this  organ,  through  its  structure,  cannot  be 
I  *draitted  into  any  of  the  morphologic  series  constituted  for  homo- 
jTlogous  organs  in  the  group  in  question.  It  is  best  to  restrict,  as 
I  We  have  done,  this  term,  which  is  somewhat  misused  ;  the  ovolu- 
l,4ion  of  an  organ  can  take  place  id  divers  directions,  and  vfQ  are 
f  not  to  consider  as  aberrant  a  series  which,  though  less  extended 
l^'than  another,  may  be  quite  U5  normal. 

Of  the  forms  which  are  well  represented  in  a  fossil  state,  w© 

lilDay  cite  among  Crinoids  the  genera  Barratifkocnmis,  Encal^p- 

19;  among  the  Echini,  the  Dysasteridse ;   among  the  Mol- 

Bilnsks  the  Teredinse,  the  Rudistse,  the  TrigoniidtB,  the  Anomiie. 

I  The  Arthropoda  will  furnish  the  Limuli ;  the  Fishes,  numerous 

IJypea  as  the  trunk-fiflbes,  the  genus  AmphynikTie,  etc.     Among 

!«ptiles  we  Snd  Triceratopa;  among  the  Alammalia,  Dinoceraaa.TLd 

many  others.     Cam  para  tiv,o  anatomy  shows  muiiy  exampk-s  of 

animals  which  by  nearly  all  their  characteristics  are  naturally 

ranged  in  a  determinate  series,  but  which  in  one  or  more  organs 

differ  widely  from  the  forms  nearest  to  them. 

Among  these  aberrant  types  the  most  interesting  are  those 
which  present  in  association  the  characters  of  several  distinct 
groups,  withoutonthat  account  taking  a  place  precisely  intermedi- 
ate between  any  two  of  these  groups.  The  fossil  Echinoderms 
present  very  instructive  examples.  Theexclusively  palaeozoic  class 
of  the  CystidicB  is  a  polymorphic  group,  which  presents  instances 
of  transition  more  or  less  distinct  with  the  Asterias,  Echinoids, 
Crinoids  and  Blastoids.  These  four  classes,  on  the  contrary,  are 
very  clearly  defined  among  themselves,  and  it  is  almost  impossible 
to  maintain  that  they  are  derived  one  from  another.  But  there 
exists  a  curious  type,  Tiarechinvs,  which  presents  at  once  the 
characteristics  both  of  the  Blastoids  and  the  Echinoids.  This- 
type,  entirely  isolated,  is  limited  to  the  Trias;  that  is  to  say,  it 
appears  long  after  the  extinction  of  the  Blastoids  and  after  the 
type  of  the  Echinoids  has  undergone  an  important  evolution.  It 
is  a  synthetic  type  of  the  most  singular  kind. 
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The  existence  of  such  forms  which  can  not  be  assigned  to  any 
of  th§  natural  series,  often  causes  a  complication  in  the  relations 
we  suppose  to  have  existed  among  organisms  in  the  course  of  time, 
and  often,  too,  explains  the  divergencies  manifested  in  the  views  of 
different  authors.  It  brings  in  evidence  a  principle  wTiich  at  first 
appears  diametrically  opposed  to  the  principle  of  the  correlation 
or  simultaneous  evolution  of  organs.  It  proves,  in  effect,  that 
there  exists,  to  a  certain  degree,  a  relative  independence  in  the 
evolution  of  organs;  in  other  terms,  a  system  of -organs  in  this  type 
will  be  manifestly  either  behind  or  in  advance  of  the  stage  of 
evolution  which  it  will  have  acquired  in  the  majority  of  the  group 
to  which  the  type  in  question  belongs ;  or  indeed  the  organ  in 
question  will  present  characteristics  entirely  isolated. 

A  simple  remark  will  enable  us  in  many  cases  to  refer  these 
phenomena  to  principles  already  known  and  demonstrated. 
Frequently  aberrant  forms  constitute  terms  of  transition  between 
two  groups  well  marked  and  defined  by  the  sum  of  their  charac- 
ters. This  is  the  case  in  regard  to  the  Prosobranchia  monoto- 
cardia  and  diotocardia^  which  are  delimited  by  important  differ- 
ences in  the  nervous  system,  the  gills,  the  kidney,  the  heart,  the 
pallial  sensory  organs,  etc.  There  are  at  least  five  or  six  forms 
which  are  intermediate  between  the  two  groups  in  one  or  more 
of  these  organs  ;  but,  in  these  transition  forms,  one  at  least  of  the 
organs  which  does  not  possess  these  characteristics  of  transition 
is  aberrant  in  regard  to  both  groups. 

Another  example  may  be  drawn  from  types  known  only  in  a 
fossil  state.  In  the  living  world  there  is  no  term  of  transition 
between  the  Arachnids  and  the  Crustaceans.  In  the  palaeozoic 
epoch  lived  the  Gigantostraca,  of  which  the  Limuli  are  at  present 
the  last  and  much  modified  representatives.  These  animals 
are  in  many  characters  intermediate  between  the  Crustaceans 
and  the  Scorpion ida3,  but  at  the  same  time  they  differ  from  each 
of  those.  Between  tho  Gasteropoda  and  the  Acepbala  there  is  no 
type  of  transition  known,  either  extinct  or  living ;  the  only  type 
which  presents  indifferent  characteristics  is  Dentaliuin^  which  is, 
moreover,  very  ancient,  and  is  so  aberrant  that  an  especial  class 
has  been  erected  for  it. 

We  will  also  mention  the  three  types  of  the  family,  Gnetacea, 
intermediate  between  the  Gymnosperms  and  the  Angiosperms. 
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,  The  genus  Wehmtchia,  in  particular,  with  its  two  peculiar  large 

..leaves,  is  one  of  the  most  curious  types  of  the  vegetable  kingdom. 

From  tbe  Darwinian  point  of  view,  these  facts,  provided  they 

[  are  general  enough  to  claim  consideration,  are  capable  of  an  easy 

'  explanation.     It  is  known  that  the  intermediate  types  in  general 

disappear  rapidly  in  oases  where  the  evolution  determines  a 

marked  superiority  of  the  new  types  over  those  from  which  they 

are  derived.     These  latter  may,  however,  subsist,  provided  the 

difference  between -them  and  the  new  forms  is  sufficiently-  great, 

so  that  the  vital  concurrence  is  not  too  unfavorable  for  them,  that 

is  to  say,  provided  the  evolution  takes  place  so  rapidly  that  the 

I'  forms  soon  become  distinct.    As  to  the  intermediate  forms, 

I  placed,  so  to  say,  between  two  destructive  causes,  they  must,  in 

>  order  to  maintain  themselves,  undergo  a  special  evolution,  in  a 

flense  peculiar  to  themselves,  and  that  will  occur  only  if  variations 

appear  in  an  organ  which  has  not  been  already  affected  by  the 

I  evolution  of  the  principal  type.     Thus  protected,  so- to  say,  they 

I  may  persist  during  long  periods  without  any  important  raodifica- 

I  Uons;  this  is  the  case'  with  all  the  types  we  have  just  cited. 

I  Such  modiUcations  will  the  more  readily  occur,  as  we  have  seen, 

s  the  evolution  is  more  accelerated  during  tbe  periods  when  the 

new  types  are  in  process  of  formation. 

§  4.  General  Tkhdenot  of  Evolution. 

Hypothesis  of  the  vital  force  in  different  groups, —  We  have 
already  planned  to  pursue  still  farther  this  philosophic  synthesis 
of  the  phenomena  of  evolution.  The  mechanism  of  Evolution  is 
considered  sufficiently  known  to  justify  us  in  turning  attention 
to  the  determination  of  its  general  significance. 

One  of  the  most  interesting  hypotheses  which  has  been  pro- 
posed is  that  which  considers  the  various  groups,  such  as  the 
species,  genus,  family,  as  having  a  peculiar  individuality,  and  as 
presenting  the  same  vital  phenomena  as  do  single  individuals. 
A  given  group  must  then,  according  to  this  theory,  necessarily 
come  into  existence,  grow,  reach  a  climax,  decrease  and  finally 
die,  after  having  in  some  cases  reproduced  themselves  in  some 
way,  by  giving  origin  to  other  groups  of  the  same  value  and  a 
little  different,  so  perpetuating  the  form  with  a  slight  modifica- 
tion.    This  ingenious  hypothesis  would  explain  why,   with  no 
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apparent  reason,  groups  flourish  and  then  irrevocably  disappear, 
after  having  presented  characteristics  which  have  been  compared 
to  the  degeneration  of  old  age.  There  would  then  be  a  vital 
force  for  the  species  and  higher  groups  as  for  the  individual,  and 
the  lifetime  of  such  a  form  Avould  be  limited,  as  is  that  of  an 
individual. 

Against  this  hypothesis  serious  objections  can  be  raised.  The 
oharacters  compared  are  not  of  the  same  order.  Instead  of  look- 
ing to  the  higher  races  of  animals  where  reproduction  takes 
place  by  means  of  the*  egg,  it  would  be  more  reasonable  to  look 
for  our  terms  of  comparison,  for  example  among  the  Zoophytes 
or  Protozoa,  where  increase  takes  place  by  the  division  of  the 
individual  itself  into  two  parts.  It  is  indeed  jugt  in  this  way, 
by  a  sort  of  division,  that  species  multiply.  Nothing  is  more 
indefinite  than  the  notion  of  old  age  among  such  animals,  where 
death  seems  only  to  arrive  through  some  accidental  cause. 
(Weismann,  Neumayr.) 

But  at  the  same  time  there  exist  groups  which  seem  endowed 
with  an  indefinite  longevity ;  from  the  most  ancient  epochs  they 
have  perpetuated  themselves  with  very  slight  variations.  The 
Brachiopoda,  for  instance,  have  changed  so  little  that  the  genera 
from  the  Cambrian  [Ordovician]  are  still  existing.  The  differences 
between  the  oldest  form  known,  Lingulella,  and  a  Lingula  of  the 
present  day,  are  quite  insignificant,  and  the  Lingulas,  properly  so 
called,  together  with  the  Discinas.  have  existed  almost  without 
modification  since  the  Cambrian  [Ordovician]  epoch.  The  same 
may  be  said  of  the  articuhited  nrachio])oda,  such  as  the  Tere- 
bratulas  and  the  Rhynchonellas.  There  is  no  Brachiopod,  in 
fact,  at  the  present  epoch  which  has  not  had  almost  identical 
representatives  from  the  earliest  palaeozoic  periods.* 

•[Recent  study  t»f  tlio  ^enorlc  evolution  of  th(^ Prachioptxla  does  not  coullnn  these  Btat^mentB.  No 
evidence  c<ul(l  be  more  conclusive  than  that  now  public  of  the  rise,  culmination  an«l  decline  of  a 
Tery  larj<e  number  of  generic  jfroups  bt»th  of  the  Inarticulate  and  articulate  Hrachioi)od9.  Lingala, 
Cranin  and  perhaps /k'/j//»K7/i»n«//(t  do,  Indeed,  represent  types  of  great  stability  ami  vigor,  which 
have  perpotuate<l  th(;niHelves  through  geolDnlc  time  with  the  minimum  of  variation;  they  are  not 
merely  remarkable  cases  amontj  the  nraclilopoils,  but  tlieyare  ext'eptional  Instances  among  organ- 
Isms  generally.  Hut  it  is  not  difllcult  to  point  out  structural  features  wherein  the  recent  forms  of 
these  genera  differ  from  tlielr  early  repri-^entatives,  even  though  such  differences  be  not  now 
regarded  of  generic  consequenee.  The  final  statement  <>f  the  above  j)aragraph  could  not  be  more 
erroneous,  and  it  Is  most  unfortunate  to  iliid  it  [iromuluat«Mi  liero.  None  ot  the  existing  types  of 
BrachloiHxls  were  present  in  the  earliest  [lalaeo/oie  j>erl<Mls;  not  more  than  f»ro  generic  types  have 
continued   from  the  palaeo/oie  to  the  present,  and  it  is  safe  to  say  of  existing  Draehio|KKls  generally 

hat  they  are  for  the  most  part  liiKhly  eonii>licaled  culminant  forms  or  simj)le  <leca<lent  expressions 
of  types  Introduced  during  the  |>ost  palaeozoic  and  later  periods  of  the  earth's  history.— Ed.] 
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The  ezampleB  of  these  persistent  forms,  which  have  remained 
unchanged  from  the  Cambrian,  lessen  the  value  of  the  argument 
in  qiiOition.  [See  foot-note.]  In  reality  any  form  may.sometimes 
carry  within  itself  some  source  of  weakness ;  it  may  be  doomed  to 
disappear  soon  or  late,  conquered  in  the  struggle  for  existence ;  but 
this  fatality  seems  to  depend  in  each  particular  case  on  s|)ecJal 
causes,  often  discoverable,  and  not  to  an  irresistible  law,  an 
universal  fatality  which  embraces  all  the  individuals  beyond 
a  certain  organic  level. 

Finally  we  will  add,  that  so  far  as  species  are  concerned,  the 
problem  seems  of  little  interest.  If  a  form  undergoes  a  rapid 
transformation,  are  we  justified  in  saying  that  it  dies?  On  the 
contrary  is  not  the  process  itself  the  very  condition  of  life! 

Law  of  improvement, — A  more  exact  idea  is  obtained  by  a 
simultaneous  examination  of  the  order  of  appearance  and  of  the 
degree  of  organic  elevation  of  the  leading  types  in  the  two 
kingdoms  —  animal  and  vegetable.  From  this  examination  there 
results,  at  Srst  sight,  a  fact  which  has  made  a  strong  impression 
on  naturalists  of  every  era;  organisins  have  been  constantly 
improving  from  the  first  periods  in  wiiich  they  are  found  in  a, 
fossil  state. 

This  general  law  finds  immediate  application  when  we  consider 
the  order  of  appearance  of  the  large  groups  of  the  animal  king- 
dom. In  the  Cambrian  are  found  Sponges,  Cystideans,  Braehio- 
pods,  Worms,  Gasteropods,  Crustaceans.  In  tlie  Ordovician 
appear  the  Crinoids;  in  the  Bohemian  [Silurian],  Arachnids, 
Insects,  Fishes ;  the  Batrachians,  not  yet  of  high  degree,  are 
found  in  the  Devonian  ;  and  the  Beptiles,  still  represented  by  the 
lower  forms  of  the  group,  in  the  Carboniferous.  Not  until  we 
arrive  at  the  Trias  do  we  find  the  first  Mammals,  and  no  birds 
appear  before  the  Upper  Jurassic. 

The  first  Mammals  are  all  Marsupials,  and  it  is  only  in -the 
Eocene  epoch  that  the  first  PlfLcentals  appear.  If  we  consider 
a  smaller  group,  for  instance,  the  Cephalopoda,  we  see  that  the 
Tetrabranchs  precede  the  Dibranchs ;  the  succession  of  the  Gas- 
teropoda and  the  Acephala  shows,  as  we  shall  see  in  detail,  an 
analogous  phenomenon. 

Some  remarkable  exceptions  have  been  found  to  this  rule 
otherwise  so  general.     These  exceptions  are  precisely  those 
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which,  as  we  have  seen,  present  the  comparison  of  groups  with 
individuals.  Yery  many  ancient  forms  have  remained  without 
modification,  so  that  if  we  confine  our  attention  to  the  charac- 
teristics of  families  or  large  genera,  the  ancient  epochs  are  poor 
in  special  types.  The  ancient  types  havre  indeed  put  forth  many 
progressive  branches,  but  a  vast  number  of  their  descendants 
have  remained  without  important  evolution.  There  is  then  in 
this  nothing  absolutely  fatal,  and  the  gradual  improvement  of 
•  one  form  of  a  group  in  no  way  implies  the  disappearance  of  the 
lower  form. 

Another  objection  against  the  generality  of  this  law  is  drawn 
from  cases  of  evident  regression,  which  are  so  well  known  that 
it  is  unnecessary  to  cite  them  in  detail.  The  majority  of  para 
sites  are,  in  the  adult  state,  in  marked  regression  to  a  deter- 
minate stage  of  their  embryogenic  development ;  it  is  the  same 
with  many  attached  animals,  like  the  Ascidians.  The  regression, 
moreover,  is  not  in  general  anything  more  than  the  result  of  an 
adaptation  to  a  peculiar  mode  of  life. 

The  palaeontologic  objection  to  the  hypothesis  of  improvement 
drawn  from  the  simultaneous  appearance  of  forms  of  unequal 
grade  in  very  ancient  epochs,  does  not  appear  to  us  conclusive, 
on  account  of  the  insufficiency  of  evidence  concerning  the 
Silurian  period.  In  fine,  if  we  confine  our  attention  to  the  grand 
lines.  Palaeontology  on  the  one  side  elucidates  the  general  law 
that  the  most  differentiated  forms  have  almost  always  succeeded 
the  others,  and  on  the  other  side  it  makes  known  the  fact  that 
certain  types  have  persisted  without  any  important  modification, 
and  that  consequently  improvement  does  not  necessarily  imply 
the  disappearance  of  the  ancient  forms  inferior  in  organization. 
Some  forms  then  remain  unchanged,  but  the  greater  number 
evolve  in  a  progressive  direction. 

In  order  to  explain  this  general  tendency  toward  improvement 
which  thus  manifests  itself  in  all  groups  and  affects  all  their 
organs,  some  have  thought  it  necessary  to  suppose  an  especial  force, 
a  force  innate  in  the  living  creature,  a  vital  phyletic  force^  the 
effect  of  which  would  be  precisely  the  gradual  and  final  progres- 
sion of  the  organisms  which  are  derived  one  from  the  other. 
The  advantage  of  this  theory  is  that  it  supplies  a  solution  of  the 
difficulties  which   the  doctrine   of  selection  fails   to  solve,   an 
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explanation  of  these  phenomena  of  the  correlative  progress  of 
organs,  of  these  modifications  parallel  and  forced,  as  it  were,  in 
distinct  groups,  of  these  laws  of  improvement  which  are  in  fine 
few  and  constant. 

To  Bum  up  a  phenomenon  in  one  word  is  not  to  e:xplain  it,  and 
the  objection  to  this  new  idea  is  that  it  announces  in  brief  terms 
a  known  fact,  but  does  not  elucidate  it.  Furthermore,  the 
existence  of  this  force  is  not  constant,  since  on  the  one  hand  we 
are  acquainted  with  groups  in  which-  no  tendency  toward 
improvement  has  ever  shown  itself,  while  in  other  cases  improve- 
ment has  only  manifested  itself  in  a  portion  of  the  individuals 
which  have  undergone  evolution,  and  a;^in  another  portion  may 
have  existed  for  long  periods  without  appreciable  moditications. 

At  the  present  day  we  are  often  obliged,  in  studying  the 
problems  connected  with  evolution,  to  confine  ourselves  to  seek- 
ing through  synthetic  approaches  the  enunciation  of  phenomena, 
leaving  their  explanation  to  a  future  day  when  more  conclusive 
facts  shall  be  known,  which  will  throw  light  on  whatever 
remains  obscure  in  these  difficult  questions. 


CHAPTER  III. 


Phylogeny. 

§  1.    NATTJRA.L    CLA.8S1FI0ATI0N   AND   PhYLOOEWT. 

Definition. —  Since  the  idea  of  the  evolution  of  species  is  no 
longer  a  simple  conjecture,  but  is  based  on  certain  scientific  data, 
the  investigation  of  genealogic  trees  of  living  organisms  or  of 
fossil  forms  has  acquired  considerable  importance,  and  there  is 
scarcely  any  systematic  work  either  on  Zoology  or  Palaeontology, 
which  does  not  conclude  with  a  more  or  less  extended  essay  in 
that  direction.  Darwin  contented  himself  with  establishing 
on  a  solid  basis  the  principles  of  the  doctrine  of  transformation, 
and  left  to  his  successors  the  task  of  deducing  the  consequences. 
He  demonstrated  that  species  are  derived  one  from  the 
other,  and  that  consequently  there  exist  between  all  organisms, 
both  living  and  extinct,  veritable  relations  of  parentage  more  or 
less  removed.  Phylogeny  is  the  deterniination  of  these  ties ;  it  is 
the  investigation  of  the  descent,  not  only  of  allied  species,  but 
also  of  the  most  extensive  groups,  in  fine  of  every  form,  both  of 
the  animal  and  vegetable  kingdoms. 

Principles  of  classification. —  The  problem  of  Phylogeny  is 
only  a  new  form,  due  to  new  ideas,  of  the  problem  of  natural 
classification,  which  has  confronted  us  from  the  time  when  living 
organisms  first  began  to  be  objects  of  serious  study.  Buffon 
opposed  every  idea  of  classification,  while  Linn6,  the  first  who 
established  a  substantial  classification,  considered  the  taxonomic 
method  simply  a  convenience  for  abridging  the  exposition  of 
characters  and  for  facilitating  researches.  Nevertheless  toward 
the  close  of  his  life  he  indicated  the  path  to  be  followed  in  order 
to  arrive  at  a  more  rational  principle.  Jussieu  was  the  first  to 
establish  in  an  authoritative  manner  the  principles  of  a  natural 
classification.  He  devoted  his  energies  to  presenting  as  faithfully 
as  possible  a  demonstration  of  the  relations  which  exist  among 
all  the  types  of  the  vegetable  kingdom.     In  order  to  realize  this 
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fdea  of  natural  classification  ive  must  no  longer  allow  ourselves 
to  appeal  to  any  single  characteristic  no  matter  how  convenient 
or  easy  of  observation  it  may  be;  we  must  take  into  account  as 
far  as  possible  the  entirety  of  the  organism.  ClassiOcations 
where  the  diviaicna  are  founded  each  on  a  single  character  may 
affunl  a  certain  means  for  facility  in  quick  determinations ;  these 
are  systems.  The  word  method  should  be  reserved  for  the 
natural  classification.  This  could  only  be  finally  established  if 
all  organisms,  both  living  and  fossil,  were  completely  known,  but 
we  ciin  strive  toward  its  attainment  by  successive  approximations. 

The  transformist  doctrine  has  suddenly  thrown  much  light  on 
the  problem  of  classification  ;  it  has  freed  the  idea  of  natural 
chissification  fnm  whatever  was  obscure  and  metaphysical. 
The  principle  of  descent  once  established,  affinities  explain  them- 
selves by  the  relations  of  parentage,  and  natural  classification  is 
nothing  else  than  Pbylogeny. 

It  is  easy  to  understand  the  interest  which  attaches  to  the  dis- 
covery of  the  genealogio  tree  of  organisms  which  exist  or  have 
existed  in  remote  epochs.  One  of  the  most  illustrious  teachers 
of  the  tramformist  school,  Uaeckel,  has  won  great  distinction  by 
bis  essays  in  this  direction,  and  his  principal  works,  "^«^^m/">- 
ffeny"  and  "Natural  Creation"  raised  polemic  discussioiis,  the 
echoes  of  which  have  not  yet  ceased. 

Palaeontology  stands  in  the  first  rank  among  the  natural 
sciences  which  have  advanced  our  knowledge  of  Phylogeny. 
At  every  page  we  shall  have  occasion  to  indicate  to  what  point 
we  have  actually  attained  in  the  connection  of  extinct  forms  either 
with  each  other  or  with  forms  now  living.  AVe  must,  therefore, 
bestow  some  attention  on  the  processes  whereby  the  relations  of 
parentage  among  organisms  are  -determined.  These  processes 
may  be  referred  to  three  general  methods,  two  of  which  apply 
equally  to  living  or  extinct  types,  while  the  third,  founded  solely 
on  the  relations  of  Palaeontology  and  Stratigraphy,  is  conse- 
quently applicable  only  to  fossil  forms. 

§  2.  Mbtbud  or  Cohpi.bi.tive  Anatomy. 
Evolution  of  organs. —  If  there  really  exists  a  filiation  between 
the  creatures  of  the  present  day  and  those  of  former  times ;  if. 
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as  is  supposed  by  the  fundamental  hypothesis  of  the  transformist 
doctrine,  there  is  a  continuity  existing  between  all  forms,  including 
those  which  are  extinct,  this  continuity  should  appear  in  the  dis- 
position and  structure  of  all  the  organs  in  the  various  types  of 
one  and  the  same  series.  Consequently  the  gradual  variations  of 
the  same  organ  in  forms  sufficiently  near  to  each  other,  are  in 
direct  relation  to  the  filiation  of  the  animals  or  plants  of  the 
gr  up  in  question.  In  order  to  apprehend  this  evolution  of 
organs,  we  often  find  it  necessary  to  recur  to  the  principle  of 
the  unity  of  structural  plaii.  The  celebrated  theory  of  Geof- 
frey Saint-Hilaire,  stripped  of  its  exaggerations,  applied  and 
restricted  carefully  in  the  limits  of  groups  which  are  not  too 
extensive,  thus  becomes  a  point  of  departure  for  a  method  rich 
in  important  results. 

From  this  may  be  seen  how  Comparative  Anatomy  can  furnish 
a  solid  basis  for  the  construction  of  phylogenic  systems.  It 
appears,  even  at  first  sight,  that  the  problem  demands  only  the 
examination  of  a^  organ  sufficiently  characteristic  and  variable, 
and  that  from  the  relations  between  the  forms  of  such  an 
organ  a  conclusion  can  be  arrived  at  as  to  the  filiation  of  the 
types  themselves.  If  this  were  the  case  nothing  would  be 
easier  than  to  convert  an  artificial  system  into  a  natural  and 
consequently  phylogenic  classification.  This  is  what  many  natural- 
ists are  still  doing,  attributing  to  organs  or  systems  of  organs 
which  they  have  studied,  a  preponderating  importance,  sometimes 
employing  it  exclusively  for  the  establishing  of  genealogical 
trees.  Unfortunately  the  essays  in  this  direction  are  often  far 
from  being  in  accord  with  each  other,  nor  can  we  always  explain 
these  divergencies  by  insufficiency  of  material  or  faults  of 
interpretation. 

We  must  indeed  appeal  to  those  phenomena  which  we  have 
already  cited  and  which  have  often  complicated  the  laws  of 
organic  evolution.  We  know  that  organs  may  undergo  parallel 
modifications  in  groups  sometimes  widely  separated  from  each 
other,  and  much  more  may  they  in  series  near  each  other  yet 
independent,  and  this  may  give  rise  to  phenomena  of  convergence. 
In  this  case,  if  we  take  as  the  basis  of  our  estimates  one  of  the 
systems  of  organs  in  question,  we  incur  the  risk  of  confound- 
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ing  in  the  game  series  forms  quite  distinct.  Thus,  if  we  should 
rely  exolueively  on  the  form  of  the  limbs  in  Quadru[>eds,  we 
would  be  led  to  associate  Reptiles  like  the  Ichthyosaurus  and 
Plesiosaiirus  with  the  Mammalia  like  the  Whales  and  Seals,  on 
account  of  the  fact  that  in  them  the  limbs  are  transformed 
into  swimming  organs.  In  many  cases  the  inexactitude  in  the 
result  is  less  evident  than  in  the  example  just  cited. 

It  will  then  often  be  found  difliGult  to  determine  which  are 
the  organs  whose  diverse  aspects  are  a  decisive  indication  of  all 
the  stages  of  the  evolution  of  a  group.  We  should,  therefore, 
turn  our  attention  not  to  one  single  organ,  but  to  the  whole 
assemblage  of  the  more  important  organs.  We  shall  often  see  a 
type  which,  belonging  to  a  determinate  group  by  the  sum  of  its 
characters,  is  at  the  same  time  separated  from  it  by  some  one 
character  which  we  call  aberrant.  In  this  case  the  ditBculty 
oan  sometimes  be  easily  explained  ;  in  determining  the  general 
expression  of  the  evolution  we  can  deduce  the  particular  history 
of  a  given  organ  which  presents  especial  difficulties. 

This  method  is  applicable  in  Palaeontology  only  at  the  cost  of 
great  labor.  The  organs  preserved  in  a  fossil  state  are  usually 
few  in  number,  and  it  is  well  understood  that  it  is  not  always 
possible  to  conclude  from  the  externa!  form  what  the  internal 
structure  is.  The  question  of  the  state  of  preservation  holds  an 
important  place,  and  even  under  the  most  favorable  circum- 
stances, great  skill  is  required  in  order  to  study,  for  instance,  the 
brachial  organs  of  the  Brachiopods;  the  masticatory  organs 
and  ambulacra)  zones  of  the  Echini;  the  ventral  surface  of 
the^Crinoids.  The  discoveries  made  in  this  direction,  in  other 
words,  the  application  of  the  method  of  Comparative  Anatomy  to 
fossil  forms,  has  effected  a  marked  progress  in  Phylogeny.  We 
shall  see  a  striking  example  of  this  in  the  chapters  which  treat  of 
vegetable  Palaeontology.  The  knowledge  of  the  organs  of  repro- 
duction, the  simultaneous  study  of  the  stems  and  roots  of  the 
plants  of  the  Carboniferous  epoch,  have  made  possible  the  com- 
plete anatomical  study  of  these  plants;  has  filled  an  important 
gap  between  the  vascular  Cryptogams  and  the  Gymnosperms, 
and  has  marked  out  with  an  almost  absolute  certainty  the  general 
p  rogreas  of  the  evolution  of  vegetable  forms. 
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§  3.  Embryoohnio  Method. 

Law  of  the  parallelism  of  Ontogeny  and  Phylogeny.—  The 
second  method  appeals  to  researches  still  more  delicate  and  in 
which  less  advance  has  been  made.  Enibryogeny  is  a  recent  science, 
whose  progress  must  necessarily  follow  our  knowledge  of  adult 
forms.  But  already  in  many  cases  it  has  enabled  us  to  elucidate 
questions  which  Comparative  Anatomy  left  unsatisfied.  Even 
palaeontologists  have  for  some  years  past  been  earnestly  seeking 
for  the  results  which  this  science  furnishes. 

The  importance  of  Embryogeny  rests  entirely  in  the  appli- 
cation of  a  law  which  has  been  the  point  of  departure  of  most  of 
the  researches  lately  made  on  the  subject  of  the  development  of 
organisms.  Discovered  by  Kielmeyer  and  Geoflfroy  Saint-Hilaire, 
formulated  by  Serres  in  regard  to  the  human  species,  defined 
more  precisely  and  generalized  by  Haeckel,  this  law,  verified  and 
restricted  by  later  researches,  is  still  one  of  the  most  fecund 
principles  of  the  transformist  doctrine.  It  consists  in  this,  that 
in  a  general  manner,  before  arriving  at  the  adult  state,  animals, 
in  the  course  of  their  developmt*nt,  pass  through  the  diverse 
stages  which  marked  the  progress  of  the  evolution  of  their 
ancestors.  In  other  words,  according  to  the  celebrated  formula 
of  Haeckel,  ''  Ontogeny  is  the  abridged  reproduction  of  Phy- 
logeny." If  this  law  is  strictly  true,  it  is  evident  that  no  other 
criterion  is  needed  to  reconstruct  the  entire  genealogic  tree  of 
the  animal,  since  the  diverse  ''  forms  constitute  a  gallery  in  minia- 
ture of  the  portraits  of  their  ancestors." 

In  default  of  a  direct  verification,  which,  in  the  present  case,  is 
evidently  impossible,  this  law  may  be  considered  as  proved  by 
numerous  facts  which  admit  of  no  other  ex[>lanation.  Many 
animals  reproduce  in  the  course  of  their  development  the  series 
of  the  lower  forms  of  the  group.  Such  are,  to  confine  ourselves  to 
classic  examples,  the  anourous  Batrachians,  decapod  Crustacea, 
the  Comatulas,  etc.  Examples  of  analogous  facts  are  innumt:r- 
able;  we  shall  give  in  detail  only  a  few  selected  from  the 
domain  of  Palaeontology. 

Embryogeny  of  fossil  forms. —  Theearliest  results  in  this  order' 

of  ideas  are  due  to  Wiirtemberger  who,  in  1873,  applied  these 

principles  to  the  Ammonites. 

In  examining  the  forms  of  the  group  of  Perisphinctes  we  see  in 
the  oldest  types  the  shell  ornamented  with  ribs,  I  wo  or  three  times 
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branched ;  among  the  somewhat  more  recent  forms  the  points  of 
the  ramification  swell  out  into  lubercies.  Later  a  second  range  of 
interior  tubercles  appears,  and  at  the  same  time  the  ribs  show  a 
tendency  tn  disap}>nar.  The  interior  raniSre  of  tubercles,  and 
afterward  the  exterior  range  diminish  in  turn,  and  the  shtll  be- 
comes almost  smooth.  This  last  st^^e  is  attained  in  Aspidocerag 
oyalotum..  If  the  external  whorls  of  an  adult  specimen  of  this 
species  are  removed  so  as  to  bring  to  light  successively  the  more 
and  more  elementary  whorls,  we  see  that  the  same  individual  has 
presented  successively  all  the  preceding  aspects,  and  even  on  the 
earhest  whorls  we  find  bifurcated  projections  which  finally  dis- 
appeared. The  Ammonite  then  has  passed  in  succession  all  the 
stages  attained  in  the  adult  state  by  species  which  formerly 
existed. 

Metamorphoses  such  as  these  are  absolutely  general  in  the 
group  of  Ammonites.  The  ornaments  are  constantly  modifled 
with  aee  and  the  youngest  stages  are  always  identical  with  the 
adult  forms  of  more  ancient  e|K)ch8  It  is  quite  necessary,  there- 
fore, in  order  to  determine  exactly  to  what  group  an  Ammonite 
belongs,  to  be  acipiamted  with  uJl  tbe  stages  through  which  it 
has  passed,  for  it  fre(|uently  happens  that  ^rms  notably  dilTerent 
in  youth  lose  little  by  little  their  differential  characteristics  in 
virtue  of  the  phenomenon  of  convergence  which  in  this  group 
manifests  itself  with  a  peculiar  intensity.  This  embrytigenic 
method  is  now  in  current  use  for  the  study  of  this  class,  one  of 
the  most  important  for  palaeontologists;  by  means  of  this  method 
light  has  bocT!  thrown  on  tlie  masis  of  writings  accumulated  by 
the  former  reseiirches  of  both  earlier  and  later  authors,  and 
Phylogeny  is  now  the  only  process  of  classification  employed  on 
this  siiDJect. 

This  order  of  ideas  is  carried  even  farther,  and,  in  examining 
the  most  primitive  stages,  we  have  in  many  cases  come  to  linow 
in  what  way  a  determinate  series  of  Ammonites  descended  from 
the  more  ancient  and  more  simple  foims  krovvn  as  Goiiiatites. 
Tbe  successive  septa  which,  as  the  shell  increased  m  size,  bounded 
the  living  chamber  of  the  animal,  were  attached  to  the  shell 
itself  by  Tines  of  sut'ure,  the  shape  of  which  is  very  important. 
But  the  sutures  of  the  earliest  septa  among  the  Ammonites  are 
extremely  simple,  and  bear  a  strong  resemblance  to  those  of  tbe 
Goniatites  of  various  families.  The  forms  of  the  most  ancient 
Ammonites  recently  discovered  in  the  Upper  Carboniferous, 
establish  precisely  in  the  adult  state  the  transition  between  the 
two  groups. 

■  A  similar  attempt  has  been  successfully  made  by  Jack- 
son in  regard  to  the  Acephala.  This  author  has  seen  in 
living  species  the  young  forms  of  the  Oyster  and  Pecten, 
and  nas  shown  that  these  forms  were  provided  with  organs 
Buch  as  the  byssus,  the  anterior  muscle,  etc.,  which  are  want- 
ing in  the  adult,  and  the  aisappearance  of    which  is  accom- 
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Eanied  by  considerable  modification  in  the  general  shape  of  the 
ody.  He  has  followed  out  the  modifications  in  diverse  types 
and  demonstrated  that  these  temporary  stages  were  attained  in 
a  permanent  state  in  extinct  forms  which  must  be  considered  as 
ancestral. 

The  embryogenic  study  of  fossil  forms  is  still  in  its  infancy, 
and  presents  always  greater  diflBculties  than  does  the  study  of 
living  organisms.  It  is  impossible,  indeed,  to  take  a  direct  view 
of  the  development  of  the  embryo,  and  the  organism  seldom 
bears  traces  of  the  forms  it  has  passed  through  in  its  embryonic 
state.  We  are  obliged,  then,  to  content  ourselves  with  carefully 
comparing  the  forms  which  are  considered  as  successive  phases  of 
the  development.  Despite  these  obstacles  the  path  is  so  fertile 
in  results  that  palaeontologists  do  not  hesitate  to  enter  on  it ;  we 
shall  see,  even  in  the  Vertebrates,  that  many  types  described  as 
separate  species,  are  now  considered  to  be  embryonic  forms  of 
organisms  which  are  found  in  the  adult  state  in  the  same  layers, 
and  that  this  discovery  has  furnished  valuable  conclusions  for 
phylogenetic  data. 

Cases  of  regre^ion. — The  law  of  the  parallelism  of  Ontogeny 
and  Phylogeny  makes  possible,  then,  the  elucidation  of  many 
questions  left  undecided  by  Comparative  Anatomy.  This  law, 
indeed,  is  able  to  indicate  the  right  explanation  of  variations 
which  may  admit  of  various  interpretations ;  for  instance,  we 
are  often  perplexed  in  comparing  various  forms  of  unequal  grade 
of  organization  to  decide  whether  their  filiation  marks  progress 
or,  on  the  contrary,  regression  ;  in  the  latter  case  the  form  the 
most  simple  in  appearance  may  bear  traces  in  the  embryonic 
state  of  primitive  complication  ;  we  have  just  shown  this  to  be 
so  in  regard  to  certain  Ammonites. 

The  same  remark  applies  also  to  the  evolution  of  each  organic 
system  individually  considered.  The  embryogenic  development 
displays  in  many  cases  organs  which  at  first  develop  according  to 
the  rules  normal  for  the  group  under  consideration,  then  the 
development  is  arrested,  and  the  organ  retrogrades.  Thus  are 
formed  the  rudijnentanj  organs  of  which  we  have  spoken  in  the 
preceding  chapter.  The  existence  of  these  organs  in  no  way 
implies  an  inferior  rank  for  the  animal  itself,  but  it  may  lead  to 
specialization,  to  the  adaptation  to  some  particular  mode  of  life. 
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In  thia  case  the  regression  may  be  simply  expiainod  by  the  action 
of  natural  selection.  Ab  a  striking  example,  we  may  cite  the 
case  of  birds.  The  wing  and  the  foot  of  the  bird  are  in  a  state 
of  regression  in  relation  to  the  normal  type  of  the  limbs  of  Ver- 
tebrates; various  bones  are  found  in  a  rudimentary  state,  the  teeth 
do  not  exist  in  these  animals  in  an  adult  condition.  Butphylogenic 
evolution  demonstrates  clearly  how  this  regressive  adaptation 
gradually  established  itself.  The  moat  ancient  bird  known  at  the 
present  day,  the  Archeeoptgryx.  possesses  limbs  much  nearer 
these  ancestral  type,  and  teeth  of  the  same  kind  as  do  the  birds  of 
the  Cretaceous,  which  are  even  more  specialized  than  the  Arch<s- 
opterijx.  If  now  we  take  into  consideration  the  results  furnished 
by  erabryogenic  development,  we  see  that  the  limbs  of  the 
ostrich  in  the  young  state  show  characters  resembling  those  of 
these  ancient  forms ;  we  see  that  rery  young  parrots  have  in  the 
alveoles  teeth  which  do  not  develop  and  which  amonp  other 
birds  seem  never  to  have  existed  ai  any  period.  In  this  case  the 
parallelism  of  Ontogeny  and  Phylogeny  is  striking,  and  furnishes 
a  clear  conception  of  the  mechanism  of  regression. 

After  the  discovery  of  the  law  of  parallelism  it  appeared 
a«  though  the  definitive  method  of  phylogenic  classification  had 
been  found,  and  nnmenms  systems  havi?  been  |iiTi]ioseii,  founiU'd 
exclusively- on  the  characters  of  development,  for  example,  on 
the  position  or  nature  of  the  vitellus  and  of  the  coverings  of 
the  egg.  If  one  of  these  systems  rested  on  a  basis  strictly  exact 
in  theory,  we  ougbt  to  put  aside  the  inconvenience  it  might 
present  of  being  always  difficult  or  impossible  of  application  in 
Palaeontology,  and  do  our  best  in  our  endeavors  to  conform  to  it. 

But  this  is  not  the  case,  and  the  bearing  of  the  law  of  Serres 
and  Haeckel  is  restricted  by  other  phenomena,  which  we  will 
now  consider. 

Embryogenic  acceleration. —  Very  often  two  proximate  formgi 
for  instance,  two  speci'S  of  the  same  genus  (or  more  frequently 
two  proximate  genera)  develop  in  very  different  modes.  No  per- 
son would  for  a  moment  conclude  from  this  that  the  ancestral 
series  of  these  two  forms  were  distinct,  the  more  so  as  the  differ- 
ences appear  most  generally  in  the  earlier  stages.  It  must 
indeed  be  admitted  that  in  these  cases  the  normal  development, 
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which  should  faithfully  reproduce  the  phylogenic  evolution,  is 
modified  by  the  intervention  of  a  new  force  distinct  from 
heredity. 

It  is  evidently  for  the  advantage  of  the  species  that  the  embry- 
ogenic  development  should  take  place  as  rapidly  as  possible,  since 
during  the  embryonic  stages  the  young  individual  is  more 
exposed  than  in  the  adult  state.  The  law  of  embryogenio  accel- 
eration is  then  a  consequence  of  natural  selection.  It  consists  in 
this,  that  the  highest  forms  in  each  group  develop  with  more  and 
more  rapidity  ;  the  stages  corresponding  to  ancestral  forms  nota- 
bly differing  from  the  definitive  form,  may  in  some  cases  be 
skipped.  This  occurs  more  especially  in  the  first  stages  of  develop- 
ment. In  species,  even  very  closely  allied  these  stages  present 
such  a  dirersity  that  we  are  often  unable  to  utilize  them  in  seek- 
ing for  remote  ancestral  forms.  Accessory  circumstances,  such 
as  the  greater  or  less  quantity  of  accumulated  nutritive  materials, 
or  the  appearance  of  protecting  membranes,  or  the  structure  of 
the  temporary  larval  organs,  allowing  transient  adaptation  to  the 
medium  where  this  period  of  development  is  passed,  alter  the 
normal  succession  of  the  phases,  and  conceal  the  normal 
embryogeny. 

In  Palaeontology,  erabryogenic  acceleration  has  been  espec- 
ially proved  among  the  Ammonites,  for  the  embryonic  stages  are 
so  preserved  that  the  successive  volutions  represent  the  different 
stages  through  which  the  animal  has  passed.  The  characters  of 
a  given  form  will  be  reproduced,  in  the  development  of  the 
descendants  of  this  form,  in  stages  more  and  more  precocious,  and 
may  end  by  never  appearing  again.  We  may  notice  the  argu- 
ment which  Hyatt  has  drawn  from  these  facts  for  the  filiation  of 
the  Arietidae.  In  this  class  of  Ammonites  the  septum  of  the 
primary  chamber  is  seen  to  resemble  exactly  that  of  the  lower 
forms  of  Nautilus ;  in  the  higher  forms  this  first  septum  presents 
a  slight  curve  which,  in  the  immediate  ancestors,  appears  only  in 
the  second  septum ;  finally,  higher  still,  to  this  first  curve  now 
become  more  accentuated,  there  is  added  on  each  side  a  lateral 
angulation  which  reproduces  the  third  septum  of  the  ancestral 
forms  (Branco). 

The  embryogeny  of  the  Trilobites,  studied  by  Barrande,  shows 
that  the  acceleration  in  this  order  attains  a  very  variable  degree 
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aooordinp;  to  the  genera  considored.  The  normal  development  of 
a  Crustacean  is  at  present  well  known  and  has  been  determined  for 
very  different  groups;  the  animal  grows  by  the  suceeasive  ap- 
pearance of  new  segments  in  frunt  of  the  last  aognieut.  But 
among  the  Trilobitos  the  three  divisions  of  the  body  —  head, 
thorax  and  pygidium  ^imdergr)  differentiations  more  or  less  rap- 
idly aooording  to  the  cases,  and  often  consist  each  of  one  pieoe. 
Acoelnration  takes  place  in  very  various  degrees. 

Acceleration  of  regression. —  It  is  easy  to  understand  that  the 
exintence  of  such  a  phenomenon  does  not  result  in  simplifying 
the  phenomena  of  Phylogeny  already  so  complex. 

Thii  theory  of  embryonic  acceleration,  when  applied  to  organs 
greatly  modilie<l,  can  be  pushed  too  far  in  considering  forms  re- 
mote from  the  ancestral  type.  And  if  the  form  under  considera- 
tion is  a  regressive  form,  such  as  we  have  seen  examples  of,  it 
may  happen  that  the  most  recent  animal  has  the  semblance  of 
being  the  most  ancient.  We  will  add,  however,  that  in  most 
oases  the  acceleration  of  regression  only  occurs  in  a  determinate 
organ  or  system  of  organs ;  the  rest  of  the  organism  may  enable 
ns  to  reconnect  the  links  of  the  chain  and  to  arrive  at  a  knowl- 
edge of  the  meaning  of  the  evolution. 

An  interesting  example  of  the  embarrassment  resulting  from 
the  existence  of  such  phenomena  is  furnished  by  the  grouj)  of 
Chelonians.  The  osseous  carapace  which  covers  the  body  of  the 
Turtle  is  formed  of  different  pieces;  some  of  these  constitute  the 
independent  dermal  bones,  not  homologous,  whilst  others-  are 
only  flattened  expansions  of  the  ribs  and  spiny  apophyses  of  the 
vertebra,  uniting  one  with  another.  The  existence  of  this  cara- 
pace, which  at  the  maximum  of  its  development  is  continuous 
and  without  interruption,  constitutes  the  principal  trait  of  spec- 
ialization of  the  Chelonians,  and  distinguishes  them  from  all 
other  lleptiles.  It  is  natural  to  look  for  the  primitive  forms  of 
a  group  among  those  in  which  this  process  is  most  slightly  indi- 
cated. But  in  one  group  of  Turtles,  both  living  and  fossil  {Ath^ca), 
the  costal  plates  are  but  little  developed  and  are  far  from  being 
united;  the  dermal  plates,  which  form  the  ventral  plastron,  are 
also  separated  from  each  other,  there  lying  between  them  empty 
s^axiesiiT  fontandles.  Among  more  specialized  forms,  the  Trwn- 
yckidcB,  the  Chelyilrvla,  etc.,  we  find  the  ossification  of  the  cara- 
pace more  prommneed  ;  among  the  Emyda,  the  Testudinida,  etc.. 
It  is  fully  attained  in  the  adult  state.  It  is  an  interesting  fact 
that  among  the  large  fresh-water  Turtles  and  others  also,  the 
closing  of  the  buckler  takes  place  very  late,  the  fontanelles  re- 
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maining  for  several  years.  The  tendency  of  the  evolution  shows 
itself  here  without  a  possibility  of  ambiguity.  Unfortunately 
the  data  of  Palaeontology  do  not  seem  to  be  in  accord  witn 
this  evidence.  All  the  living  families  of  Turtles  are  rep- 
resented in  the  fossil  state  by  forms  but  little  differing  from 
those  existing.  But  the  most  ancient  of  all,  the  PsammochelySy 
of  the  Trias  of  WUrtemberg,  belongs  to  the  group  of  the 
Pleurodira,  which  is  the  most  differentiated  and  farthest  removed 
from  the  modern  type  of  Rf  pliles. 

The  Turtles  of  the  Jurassic  and  Cretaceous  epochs  would  appear 
to  be  less  and  less  ossified,  the  oldest  of  the  Atheca  dates  irom 
the  Upper  Cretaceous,  and  the  lowest  type  of  the  group 
{Dermochelys)  is  at  present  existing. 

Consequently,  Riitiraeycr,  Baur,  and  after  them  Zittel,  believe 
that  the  evolution  of  known  forms  must  have  been  produced  in 
an  inverse  order.  All  the  known  forms  which  have  the  carapace 
partially  developed,  whether  in  fossil  state  or  living,  would  be 
regressive,  derived  from  specialized  types.  Accordmg  to  this, 
the  true  progenitors  of  the  Turtle  would  be  unknown  to  us. 
If  this  is  really  so,  Embryogeny  can  scarcely  demonstrate  it,  for 
it  is  diflBcult  to  conceive  that  an  osseous  carapace  should  exist  in 
an  embryonic  state,  then  be  absorbed,  and  the  development  be 
forcibly  arrested.  Nevertheless,  the  sum  of  the  anatomical 
characters  tends  to  prove  that  the  Atheca  are  really  a  lower  form 
of  the  Turtles;  many  traits  of  their  organization  bring  them 
near  to  other  Reptiles,  for  example,  the  Rhynchocephala.  If 
these  are  not  primitive  types,  regression  has  at  least  so  influenced 
various  parts  of  the  skeleton  that  the  entire  animal  would  very 
much  resemble  its  remote  progenitors. 

Geratology.—  Acceleration  not  only  influences  the  earliest 
stages  of  development,  but  its  action  extends  also  to  later  acquired 
characters.  It  may  happen  that  the  definitive  adult  state  of  cer- 
tain species  is  only  a  temporary  condition  for  other  allied  species. 
This  state  will  exist  for  a  considerable  time,  during  which  the 
animal  continues  the  functions  of  reproduction.  Later,  when  the 
animal  has  attained  an  advanced  age,  modifications  will  appear. 
These  generally  consist,  in  a  more  or  less  marked  regression,  in  a 
suppression  of  the  highest  characters  recently  acquired,  and  in  a 
general  simplification.  Cases  of  senile  degeneracy  are  frequent 
in  living  nature.  Generally  they  exert  no  influence  on  the 
evolution  of  the  group,  though  this  is  not  always  the  fact. 

Late-acquirod  or  geratologic  characters,  to  use  an  expression  of 
Hyatt,*  assume  a  great  importance  when  they  affect,  not  a  few 

•Hyatt,  Gtnesia  of  the  Arietiiht:  (.Vt'm.  Mus.  Compar.  Zool.  Cambridge),  1889. 
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iadividuals,  but  the  entii'e  species,  and  come  thus  under  the  law 
of  acceleration.  They  appear  at  first  sporadic,  and  seem  related 
to  pathologic  pbenumena;  tbey  indicate  a  change  unfavorable  to 
the  average  conditions.  But  presently,  in  formations  imme- 
diately above,  the  geratologic  alterations  become  very  frequent, 
which  is  explicable  by  the  fact  that  the  aaine  physical  modifica- 
tions will  produce  identical  effects  on  animals  of  the  same 
species  {law  of  mfirpkogenetic  equivalence  of  Hyatt).  The  gera- 
tologic form,  at  fir^t  exceptional,  thug  becomes  normal,  and  shows  a 
constant  tendency  to  manifest  itself  earlier ;  thus  a  distinct  species 
is  established.  The  evolution  of  fixed  forms  or  parasites  seems  to 
find  its  explanation  in  this  phenomenon.  But  it  is  particularly 
striking  in  the  Cephalopoda,  where  it  has  undergone  a  thorough 
investigation.  It  is  seen  both  in  the  Tetrab ranch  iata  in  the  Silu- 
rian, and  among  the  Ammonitida?,  in  the  course  of  the  secondary 
period.  From  it  are  deduced  important  conclusions  concerning 
the  evolution  of  the  group. 

In  general,  forms  thus  modified  are  affected  with  a  sort  of  con- 
genital weakness  which  renders  them  less  fit  for  the  struggle  for 
life,  and  deprives  them  of  any  long  line  of  descendants;  this 
occurs  in  the  uncoiled  Cephalopoda,  which  attain  considerable 
luagnitude,  and  then  suddenly  dis;ippe;ir;  tliis  phoiioinciion  is 
observable  at  diverse  epochs  and  at  the  expense  of  distinct 
groups.  It  is  especially  noticeable  during  the  Cretaceous  ijeriod. 
It  seems,  at  the  close  of  that  period,  as  though  the  entire  group 
had  been  affected  with  some  malady  ;  the  unrolled  forms  multi- 
ply; the  septa  are  simplified  and  frequently  present  the  appear- 
ance of  those  of  ihe  Ceratites  of  the  Trias ;  the  ornaments 
become  heavy,  thick,  and  often  disappear  in  the  adult,  and  the 
entire  group  ends  by  dying  out  and  leaving  no  descendants. 

But  this  is  not  always  the  case.  Geratologic  phenomena 
sometimes  produce  simplifications  not  always  unfavorable  to  the 
species;  they  may  cause  a  convergence  toward  the  primitive  forms 
of  the  group,  and  the  types  thus  constituted  may  in  turn  be  the 
point  of  departure  for  new  series  in  regard  to  which  they  will 
hold  the  relation  of  primitive  forms  or  radicles.  In  this  event 
the  law  of  erabryogenic  acceleration  will  strongly  come  in  force. 
All  the  stages  which  have  led  to  the  constitution  of  the  new 
radicle  form  will  be  passed  through  with  a  celerity  proportionate 
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to  the  distance  gained  from  that  form ;  this  is  readily  under- 
stood. The  radicle  form  being  itself  regressive,  finds  itself, 
situated  by  its  characters  near  a  form  much  more  primitive; 
matters  are  conducted  thus  as  though  nature,  seeking  to  econo- 
mize time  and  force,  avoided  the  circuitous  route  through  forms 
which,  though  higher  and  more  complex,  are  not  enduring.  But 
the  earlier  types  of  this  new  series  still  may  show,  in  the  history 
of  their  development,  some  traces  of  this  complicated  evolution. 

The  history  of  the  various  branches  of  the  Ammonitidae  pre- 
sents a  certain  jiumber  of  these  radicle  forms  with  simplified 
characters ;  thus  Psiloceras  planorbe  is  an  Ammonite  destitute 
of  ornaments,  with  rounded  volutions  not  embracing.  This  is 
the  primitive  stock  of  the  long  series  of  ArietidaB.  But  the 
suture  lines  of  the  adult  are  less  complicated  than  those  of  the 
young  (Neumayr). 

If  these  phenomena  allow  us  to  separate,  in  certain  cases, 
relationships  within  the  limits  of  a  given  series,  and  to  connect 
the  series  one  with  another,  they  also  leave  us  confronted  by  new 
difficulties  in  the  solution  of  the  problem.  The  apparent  resem- 
blance between  regressive  geratologic  forms  and  the  simple 
primitive  forms  sometimes  gives  rise  to  a  perplexity  in  the  deter- 
mination of  radicle. forms,  the  point  of  departure  for  new  series. 
This  is  the  condition  at  the  ])resent  day  in  regard  to  the  Ammon- 
ites of  the  chalk,  which  only  recently  have  been  studied  in 
their  entirety  with  as  profound  analysis  as  have  the  Ammonites 
of  the  Jurassic. 

§  4.  Method  of  Geologic  Continuity. 

Application  of  the  principle  of  continuity. —  The  third  method 
applies  perhaps  less  than  the  other  two  to  objections  of  a  specu- 
lative order,  but  in  practice  it  also  presents  numerous  difficulties. 
It  consists  in  the  investigation  of  the  correlation  of  the  series  of 
fossil  forms  with  the  order  of  successi  »n  of  the  layers  containing 
them ;  in  other  words,  it  is  the  historic  and  chronologic  study  of 
the  group.  If  we  have  sufficient  material  at  our  disposal,  and 
if,  on  the  other  side,  the  chronologic  order  of  the  deposits  is  well 
established,  we  ought  to  be  able  to  follow  the  transformations 
of  all  the  types  through  the  epochs,  to  determine  whether  any 
one  form  is  derived  by  progression  or  ret^ression  from  a  more 
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[  ancient  one,  to  discover  at  what  epoch  and  by  what  process  the 
I  .distinct  gronps,  between  which  passage  forms  are  wanting  in 
[  living  nature,  came  into  existence.  It  will  be  umierstood  that 
I  when  the  tjueation  concerns  the  establishing  of  relationships 
I  between  genera  and  families,  and  especially  between  species  of 
I  the  same  group,  such  a  study  can  only  be  entered  on  with  some 
[  chance  of  success,  when  the  materials  for  comparison  are  very 
[  abundant,  when  they  come  from  numerous  localities  and  are  in 
[a  good  state  of  preservation. 

I       For  a  group  where  any  one  of  these  conditions  is  wanting,  it 
[  would  be  illusory  to  seek  to  draw  from  the  stratigraphic  sncces- 
I  iion   conclusions  of   phylogenelic  order.     This,  for  example,  is 
I  the   case   for   the   Crinoids.     These  Ecbinoderms  are  abundant 
[  only  in  very  few  regions,  and  it  is  improbable  that  they  were 
[   everywhere  evdved  on  the  spot.     For  the  Ammonites,  on  the 
I   contrary,  the  method  of  which  we  are  speaking,  combined  intelli- 
I  gently  with  the  preceding  two,  has  already  succeeded  in  giving 
[  interesting  results,  for  the  specimens  collected  up  to  the  present 
I  are  innumerable  and  gathered   from  all   parts  of  the  world ; 
I  moreover,  they  can  be  collected  any  day,  as  many  as  are  desired 
i  for  any  especial  object.    The  Echini  also  are  common  fossils  and 
present  nitmtirous  fharactoristics  whicli  cun  W.  utili/.fd  for  affili- 
ation.    M.  Munier-Ch  almas  has  for  many  years  followed  step  by 
step  their  evolution,  and  has  made  a  study  of  all  the  terms  of 
transition  which  have  come  under  his  observation.     lie  has  seen 
that  sometimes  continuous  modifications  can  be  followed  through 
a  long  series  of  forms,  while  the  heads  of  certain  series  appear 
saddenly,  making  it  impossible  to  form  any  judgment  as  to  their 
origin   except   a   hypothetic   one.      On   these   points   of   strati- 
graphic  and  morphologic  discontinuity,  he  established  the  great 
divisions  of  his  classification.     The  result  of   these  researches, 
which  have  not  yet  been  published,  we  are  authorized  to  present 
in  the  chapter  which  treats  of  the  classification  of  these  animals. 
Continuity  is  then  our  principal  guide  in  synthetic  researches 
of  this  kind.    Unfortunately  in  a  great  number  of  cases  the 
evidence  to  be  had  is  not  sufficient  to  warrant  the  attempt  to  apply 
this  principle     We  have  seen  in  the  preceding  chapter,  that  in 
consequence  of  the  very  progress  of  the  phenomena,  we  shall 
□ever  possess  the  intermediates  between  all  the  species. 
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But  naturalists  are  less  ambitious,  and  often  evidence  even, 
wanting  in  precision  is  sufficient  for  nearly  exact  conclusions. 
They  would  be  extremely  fortunate  to  ascertain  the  terms  of 
transition  which  must  have  existed  between  the  grand  divisions, 
and  which  would  permit  the  establishment,  otherwise  than  by 
theoretic  inductions,  of  the  origin  of  classes  and  orders.  But 
it  is  precisely  these  interesting  forms  which  are  of tenest  want- 
ing. This  is  the  case  with  the  Birds,  Chelonians,  Lamellibranohs, 
Cephalopods,  Brachiopods,  Trilobites,  Corals,  Sponges,  not  to 
mention  those  whose  ancient  types  are  known  with  some  detail. 
The  method  of  geologic  continuity  is,  in  such  instances, 
altogether  defective. 

Order  of  appearance  of  new  forms. —  The  difficulty  is  some- 
times even  still  greater,  and  the  chronologic  order  of  appearance 
is  in  complete  discordance  with  what  we  might  be  permitted  to 
expect  from  the  method  of  Comparative  Anatomy  applied  to 
Palaeontology.  If  the  ontogenic  evolution  is  unknown,  and  if 
we  can  not  bring  in  evidence  any  fact  of  regression,  we  are 
obliged  to  reserve  our  conclusion  for  the  epoch  when  new  evi- 
dence shall  permit  us  to  elucidate  the  question ;  until  then  we 
should  formulate  hypotheses  with  great  reserve.  Thus  the  suc- 
cession of  forms  among  the  Brachiopods,  the  appearance  of  the 
orders  of  Mammals,  etc.,  raise  difficulties  of  this  kind. 

In  a  general  way,  the  result  of  recent  discoveries  has  been, 
to  cause  us  to  refer  to  epochs  more  and  more  remote  the  pre- 
sumable date  of  appearance  of  the  various  groups.  To  confine 
ourselves  to  facts  most  recently  brought  to  light,  we  will  cite 
the  discovery,  by  Brady,  of  Numraulites  in  the  Carboniferous ; 
that  of  Ammonites  in  the  Permo-carboniferous  system  (Waagen, 
Gemellaro) ;  that  of  Sponges,  belonging  to  the  types  of  Hexac- 
tinellids  and  of  Tetractin^llids  in  the  Cambrian  (Hinde) ;  of  the 
Arachnids  and  Insects  in  the  Silurian;  of  the  Myriapods  in  the 
Carboniferous  (Scudder,  Hagen,  Ch.  Brongniart,  Fayol) ;  Fishes 
have  lately  been  found  in  the  Middle  Silurian  (Rohon). 

It  can  be  seen  how  dangerous  it  is  to  attach  an  exclusive  im- 
portance to  the  order  of  appearance ;  every  theory  which  in  any 
way  rests  on  these  data,  when  the  question  concerns  the  pri- 
mordial forms  of  large  groups,  incurs  the  risk  of  being  ere  long 
contradicted  by  some  unexpected  discovery. 
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The  ancertaioty  grows  in  measure  as  we  approach  the  more  and 
more  ancient  da|K)sita,  The  fossils  of  the  primary  epoch  which 
are  known  at  the  present  day  are,  it  is  true,  very  nuiueroua,  yet 
various  circumstances  should  convince  ua  that  the  palaeozoic 
faunas  are  still  less  completely  known  than  those  of  the  Sec- 
ondary, and  still  more,  those  of  the  Tertiary  epochs.  The  pri- 
mary strata  have  naturally  undergone  more  changes  than  the 
others;  erosions  at  suooessiva  epochs  have  removed  considerable 
extents  of  the  deposits,  and  displacements  have  frequently  modi- 
fied the  nature  of  the  rock  and  occasioned  the  disappearance  or 
alteration  of  the  fossils  contained  in  it;  so  much  so,  that  for 
many  years  primary  fossils  in  a  good  state  of  preservation  have 
been  found  only  in  few  localitiea;  it  is  only  recently  that  the 
discovei-ies  made  in  America,  Russia,  India,  etc.,  have  made  pos- 
sible the  deQnilion  of  the  analogies  and  differences  between  the 
faunjB  of  those  couatrios  and  those  of  western  Europe  already 
known.  Furthermore,  many  groups  which  had  appeared  at 
remote  epochs  were  represented  at  first  by  individuals  few  in 
number  and  of  a  lower  organization,  the  remains  of  which  are 
rarely  found. 

The  first  fauna. —  As  has  been  said,  nncertainty  inoreaees  as 
We  approach  more  and  more  ancient  deposits.  It  reaches  the 
maximum  when  the  question  concerns  the  most  ancient  fossilifer- 
ous  beds,  those  from  which  we  might  hope  to  draw  some  knowl- 
edge regarding  the  actual  origin  of  organisms.  The  earliest  depos- 
its in  which  fossils  are  positively  known  to. occur  are  the  Cambrian. 
The  fossils  found  there  are  a  few  Mollusks,  belonging  to  three 
classes  of  the  group;  Trilobites,  belonging  to  diverse  families 
{ParadoxidoB,  OtenidoB) ;  Crustacea  {Leperditta,  Ilymenocari«) ; 
Brachiopoda  {Lingulidm,  Discinid<s,  Orihis),  some  Cystids,  some 
Hydroids  {Dictyoiiema),  MedusEe,  Ilexactinellid  and  TetractincUid 
Sponges  {Arck<Eoscyphia,  Protospongid).  We  must  add  also  the 
impressions  of  organisms  whose  determination  is  uncertain 
{Oldharnia,  Eophyton,  Bilohitea,  Fucoides,  etc.).  This  fauna, 
rich  both  in  genera  and  in  species,  embraces  a  small  number 
of  groups,  which  in  reality  are  not  high  types  of  the  animal 
kingdom;  but  nevertheless  they  are  far  from  representing  the 
primitive  ancestors  of  animals.  The  Brachiopoda,  in  particular, 
are  organisms  which  must  have  undergone  an  extremely  compli- 
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cated  evolution,  as  is  proved  by  the  embrjogeny  of  the  existent 
forms,  some  of  which  are  almost  identical  with  the  Cambrian 
species.  The  well  authenticated  animal  discovered  in  one  of 
the  oldest  layers  is  justly  ranked  as  a  Lingulid,  Lingulella 
jprimcBva*  At  a  yet  more  remote  epoch  are  found  traces  which 
have  been  attributed  to  the  Annelids.  I  do  not  speak  at  present 
of  the  bodies  called  Eozoorty  which  probably  have  not  an  organic 
origin. 

It  is  then  very  evident  that  we  do  not  really  know  the  true 
primordial  fauna.  That  which  characterizes  the  lowest  Cambrian 
has,  it  is  true,  an  expression  of  decided  simplicity,  for  no  MoUusks 
are  found  there  except  shells  of  doubtful  relationship  {^Theca\ 
neither  are  Echinoderms,  nor  Corals  nor  Vertebrates ;  these  forms 
which  appear  suddenly  and  without  apparent  preparation,  in  the 
upper  Cambrian  or  the  Ordo.vician,  may  perhaps  have  existed  in  the 
lower  Cambrian,  but  they  were  then  destitute  of  the  hard  parts 
(shell,  test  or  skeleton),  which  would  prove  their  state  of  inferi- 
ority, or  they  existed  in  regions  which  possessed  a  different  facies 
not  yet  discovered. 

Origin  of  life.  Precambrian  deposits. —  We  know  nothing 
whatever  in  regard  to  the  origin  of  the  Cambrian  fauna,  found 
to  be  almost  identical  in  every  part  of  the  globe. 

The  Cambrian  deposits  nevertheless  are  not  the  oldest  of  the 
sedimentary  formations.  At  a  lower  horizon  there  exist,  in 
diverse  regions,  layers  which  have  been  formed  in  the  sea  ;  such 
are  the  enormous  deposits  of  Canada  formed  by  the  Laurentian 
and  Huronian  stages,  which  together  are  more  than  20  kilometres 
in  thickness.  The  Precambrian  terrane  of  the  country  of  Galles, 
also  very  thick,  is  found  under  the  Lingula  flags.  In  Canada,  in 
the  Laurentian  period,  besides  the  famous  Eozoon,  Dawson  found 
carboniferous  matter  and  tubules  which  he  attributed  to  the  worms. 
The  presence  of  thick  masses  of  bitumen  and  graphite  in  the 
Precambrian  beds  has  a  oonsiderable  importance.  Among  the 
chemical  phenomena  which  living  nature  presents,  the  only  ones 


♦  [Sec*  previous  foot  note.  I.in[]nhU(i  Is  always  a  distinctly  moro  primitive  type  than  Lingula,  as 
shovrn  not  only  In  Its  oTitoK<'ny,  l»ut  als<»  In  th«'  close  relations  of  Its  actual  characters  to  Oholella. 
Beecher's  determlnathjn  of  tbi'  radicle  of  ih(>  Hrachlopod  shell,  Paterina,  In  the  Cambrian,  and  Its 
close  relation  to  such  pre  i-mlneni  members  of  this  fauna  as  Obnlu.s,  Oholrlla  and  Linyulelln  Indicate 
that  the  evolution  of  these  forms  may  have  been  more  simple  and  direct  than  the  author  here 
Kuppcwes.— Ed.] 
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Fwhicb  effect  thesepiration  of  carbon  from  the  bodies  with  which 
Bit  is  combined  are  carried  on  in  living  organisms.  Carbon,  in  all 
■  its  forma,  except  perhaps  the  diamond,  results  always  from  the 
KmodificatioD  of  materials  of  organic  origin.  It  is  then  possible 
F'tiiat  the  carbon  and  the  carburets  of  the  Precambrian  deposits 
E  represent  all  that  remains  of  that  ancestral  fauna  whose  exist- 
l  ence  is  proved  by  the  most  simple  process  of  reasoning. 
L  It  remains  now  to  explain  how  it  bappens  that  no  relics  of 
■'those  prirailive  organisms  hare  remainwi  to  our  day.  It  is 
rbecause  the  deposits  of  that  epoch,  once  formed,  were  subjected 
■to  great  modiflcations,  both  mechanical  and  chemical,  which 
■^constitute  the  process  of  ?netamorphiam.  The  sedimentary  lay- 
■«rs  were  pierced  with  eruptive  rocks,  among  others  granite, 
K'ilrhich  spread  over  them  or  e.\tended  under  them  and  iilled  their 
■interstices.  Either  by  direct  contact  or  more  frequently  by  the 
ftbotion  of  water  superheated  and  charged  with  salts  in  solution, 
■the  sedimentary  rocks  underwent  a  sort  of  baking,  which  devel- 
Kbped  numerous  minerals  not  before  existing  therein,  and  which 
^aometimos  give  to  them  the  appearance  of  eruptive  rocks.  It  is 
Kpasy  to  understand  how  the  schists  thus  metamorphosed  pre- 
^aerved  no  traces  of  the  fossils  they  may  have  contained. 

A  purely  mechanical  overturn  also  sometimes  suffices  to  make 
the  discovery  of  fossils  impossible.  Thus  M.  Gaudry  tells  us 
that  the  English  geologists,  Sedgwick  and  Murchison,  explored 
the  Cambrian  beds  for  a  long  time  without  discovering  fossils. 
They  observed  that  almost  every  part  of  the  rock  was  fissured 
or  at  least  cracked  perpendicular  to  the  direction  of  the  stratifi- 
cation. In  examining  places  where,  on  the  contrary,  the  cracks 
were  parallel  with  this  direction,  thej'  found  numerous  fossils 
well  preserved.  We  should  not  give  up  the  hope  thai  at  some 
future  time  geologists  may  succeed  in  finding  in  the  Precambrian 
layers  places  where  metamorphism  has  not  made  iiself  ftlt. 
Until  that  time  arrives  we  can  draw  no  conclusions  from  geologic 
data  concerning  the  origin  of  life,  and  we  must  content  our- 
selves with  the  theories  which  embryogenic  and  comparative 
studies  furnish. 

In  conclusion,  it  is  seen  that  the  studyof  the  filiation  of  '-rgan- 
isms  rests  on  methods  the  precision  of  which  increases  with  the 
increase  of  our  knowledge  of  the  laws  of  evolution.      These 
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laws  are  complicated,  and  their  application  presents  considerable 
difficulties.  We  have  sought  to  place  these  difficulties  in  a  clear 
light,  in  order  that  the  student  may  not  be  surprised  at  the  un- 
certainty which  still  exists  in  regard  to  many  points  of  this  great 
problem;  the  discussions  which  still  constantly  arise,  and  the 
discordance  among  the  theories  propounded,  should  not  be  in- 
voked as  an  argument  against  the  doctrine  of  evolution  itself. 
The  method  of  the  natural  sciences  is  unfortunately  subordinate 
to  the  acquisition  of  the  necessary  materials,  and  in  Palaeon- 
tology more  than  in  any  other  science,  progress  depends  on  the 
increase  of  collections. 


CHAPTER    IV. 


Distribution  of  Organisms  in  Geologic  Time,  witU 
Reference  to  Their  Physical  Environment. 

§  1.  Definition  or  Faoiks. 

We  have  now  to  consider  a  new  category  of  problems  resulting 
from  palaeuDtologic  studies,  problems  which  pertain  more  espe- 
cially to  the  relations  of  that  science  with  etratigraphic  Geology  ; 
they  arise  from  the  comparison  of  fossils  of  different  groups 
which  have  existed  at  the  same  epoch  in  different  locaiitioa.  It 
has  long  been  admitted  as  a  fundamental  principle  of  Strati- 
graphy that,  in  a  general  sense,  deposits  of  the  same  age  present 
the  same  fossils.  But  it  is  evident  that  at  the  present  epoch  such 
a  principle  could  not  be  applied  ;  the  faunas  and  floras  are  local- 
ized in  more  or  less  extended  regions,  and  there  are  only  a  few 
forms  whose  distribution  is  universal.  It  has  been  thus  at  all 
epochs;  never  have  the  fauna  and  flora  of  the  globe  been 
identical  over  its  whole  surface. 

Biologic  provinces  are  defined  for  any  given  epoch  by  the  con- 
dition that  at  least  one-half  of  the  fauna  and  flora  be  distinct. 

The  term  fades  is  applied  to  the  entirety  of  the  lithologic  and 
palaeontologic  characteristics  resulting  from  the  external  condi- 
tions which  determine  the  existence  of  any  particular  fauna  or  flora 
for  a  given  region.  These  characters  are  defined  by  physical  con. 
ditions,  such  as  climate,  altitude  or  bathymetric  depth,  the  geo- 
logical or  chemical  nature  of  the  medium.  AVe  may  add,  also, 
indirect  factors  relating  to  the  preceding.  By  virtue  of  the  laws 
of  the  struggle  for  existence,  the  variations  of  every  living  being 
depend  in  a  certain  measure  on  the  nature  of  the  entire  assem- 
blage of  the  beings  which  live  with  it;  the  general  characteristics 
of  the  fauna  or  flora  of  a  region  therefore  influence  the  conditions 
of  existence  of  each  of  the  organisms  which  compose  it,  so  tbat 
the  differences  which,  in  consequence  of    the  influence  of    the 
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medium,  appeared  in  a  slight  degree  among  the  progenitors, 
increase  more  and  more  in  consequence  of  the  biologic  reactions 
which  exist  among  organisms. 

We  may  find,  for  instance,  for  any  one  epoch,  a  littoral, 
pelagic,  fresh  water,  estuary,  lacustrine  or  corallic  facies;  so 
also  we  may  find  an  arctic,  temperate,  tropical,  etc.,  facies.  We 
shall  briefly  investigate  what  indications  Palaeontology  furnishes 
for  the  determination  of  these  facies ;  in  other  words,  we  shall 
show  how  the  study  of  the  associations  of  fossil  formd  often 
enables  us  to  attain  a  knowledge  of  the  conditions  of  the 
surrounding  medium. 

§  2.   Influence  of  the  Depth  of  Seas. 

The  distribution  of  animals  in  the  present  seas  is  classed 
according  to  five  zones,  which  are  pretty  clearly  defined.^ 

1.  The  Littoral  zoney  which  is  covered  and  uncovered  with 
each  tide. 

2.  The  Zone  of  Laminarians  (0  to  27  or  28  metres). 

3.  The  Zone  of  Nulliporee  cmd  Corallines  (calcareous  Algae) 
(28  to  72  metres),  also  inhabited  by  large  Gasteropoda. 

4.  The  Zone  of  Brachiopoda  and  CoraU  (72  to  600  metres),  to 
which  descend  the  Corals  such  as  Dendrophyllia  and  Oculina, 
the  Echini,  such  as  Spatangus,  Brissopsis,  etc. 

5.  The  Abyssal  Zone^  below  500  metres. 

It  is  seldom  possible  to  determine  with  precision  these  zones 
at  different  geologic  epochs;  but  the  indications  with  which 
this  excellent  classification  furnishes  us  may  be  utilized  for  the 
research  of  the  bathy metric  facies  in  geologic  deposits.  We 
can,  in  general,  distinguish  from  this  point  of  view  three  principal 
facies:  the  littoral^  the  pelagic  and  the  abyssal. 

Littoral  facies. —  The  littoral  facies  is  often  indicated  by  the 
lithologic  nature  of  the  rock;  conglomerates  and  coarse  sand- 
stones, can  only  be  formed  in  the  immediate  vicinity  of  the  shore. 
But  the  palaeontologic  characteristics  are  also  very  important  in 
determining  ancient  sea  bottoms. 

An  excellent  criterion  is  furnished  by  the  boring  shells.  It  is 
known  that  at  the  present  epoch,  Lamellibranchs  belonging  to 
various  groups  can  pierce  the  hardest  rocks;  these  forms  exist, 

*  FKsolier,  Mimuil  <h'  Cimchylioloi/ic,  chap.  III. 
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toreover,  only  in  shallow  water,  mostly  in  the  zone  alternately 
ivered  and  uncovered  by  the  tides.  Such  are  the  Pholads,  the 
'ereiios,  the  genera  Sa--cicava,  Veneruj>ia,  Lith^ilomug.  But  all 
fopms  have  representatives  in  the  fossil  state;  the  holes 
formed  by  them  are  frequently  met  with  either  with  or  without 
the  shell  in  their  interior  {for  example,  in  the  Dathonian  of  the 
Ardennes,  the  Faluns  of  Pontlevoy;  etc.).  Their  presence  is  a  cer- 
tain indication  of  the  existence  of  a  littoral  zone  of  a  rocky 
■character.  This  particular  facies  presents  also  numerous  forms 
>which  pertain  to  it  exclusively,  as  the  JPatellaa,  Littorinas, 
lalani  and  various  forms  of  Trochus. 

Oysters,  Mussels,  Plicatnlas,  etc.,  which  live  attached  to  the 
icks,  either  directly  by  one  of  their  valves,  or  by  means  of  their 
byssus,  are  associated  with  forms  which  characterize  the  highest 
marine  zone ;  they  may,  indeed,  descend  deeiwr  in  a  zone  which 
is  never  exposed,  and  where  they  are  accompanied  by  the  Echini 
and  Brachiopoda,  The  great  majority  of  deposits  of  this  nature 
contain  animals  which  have  lived  fixed,  or  which  crept  on  the 
bottom,  mi,\;ed  with  the  remains  of  swimming  animals  which 
riOoiild  live  in  the  deep  sea  and  also  approach  near  the  coast,  and 
pwbose  shells  fall  to  the  ground  after  death ;  such  are  the 
Ce)iha!n[)od8,  The  Nautilida,  the  Ammonites  and  the  Belemnites 
are  found  side  by  side  with  the  Gasteropoda,  the  Acephala  and 
the  Echini. 

The  expression  Littoral  fades  has  then,  in  Geology,  a  broad 
signification,  a^d  is  applied  to  a  more  extended  zone  than  that 
which  at  the  present  epoch  is  called  the  littoral  zone.  It  indi- 
cates simply  that  the  formation  in  question  was  produced  in  the 
vicinity  of  a  coast.  It  may  present  pelagic  elements,  but  it  is 
characterized  by  the  presence  of  the  littoral  elements  which  we 
have  cited. 

Pelagic  facies. —  We  call  pelagic  animals  those  which  are 
adapted  by  their  structure  to  the  function  of  swimming  in  the 
deep  sea  without  resting  on  the  bottom  or  on  the  shores.  Of 
this  class  there  are  at  present  the  Cetacea,  Fishes,  Cephalopoda, 
Pteropoda,  Medusrp,  many  Koraminifera  and  Radiolaria,  In  many 
regions  deposits  of  great  depths  have  furnished  organized 
of  only  such  as  belonged  to  these  groups,  and  derived 
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from  animals  which  lived  either  at  the  surface  or  at  various 
depths. 

The  expression  Pelagic  facies^  in  Geolopfy,  should  not  be  under- 
stood in  the  same  sense ;  there  are  no  ancient  deposits  in  which 
the  fauna  consists  exclusively  of  swimming  animals.  A  pelagic 
fauna  at  the  present  day  might  inhabit  seas  whose  bottoms  are 
very  variable  in  depth ;  it  might  reach  to  the  vicinity  of  the 
c«  asts  or,  again,  might  extend  over  the  deep  abysses ;  it  is  evident 
that  in  geologic  deposits  such  a  fauna  might  be  associated,  with 
the  elements  of  all  the  zones. 

The  idea  then  of  the  pelagic  facies  is  broadened,  and  we  refer  to 
this  faoies  the  deposits  formed  in  the  deep  sea,  at  a  considerable 
distance  from  the  shore,  but  not  in  the  abysmal  depths ;  they 
are  characterized  by  the  absence  of  the  elements  of  the  fauna  of 
the  littoral  zone,  and  by  a  mixture  of  forms  adapted  to  swim- 
ming, such  as  Cephalopods,  Pteropods,  Fishes,  with  creeping  or 
fixed  forms  (Echinoderms,  Brachiopods,  Gasteropods,  Lamelli- 
branchs),  the  species  of  which  differ  from  those  living  near  the 
shores. . 

Pelagic  forms,  well  adapted  for  swimming,  httve  naturally  an 
area  of  distribution  much  more  extensive  than  the  littoral  forms, 
and  very  much  more  so  than  the  fixed  and  sedentary  forms. 
This  results  not  only  from  the  fact  that  these  animals  being  able 
to  traverse  large  areas  become  distributed  more  easily,  but  also 
from  the  fact  that  the  seaward  c  >nditions  are  much  more  con- 
stant than  those  near  the  shores.  Thus  it  is  that  the  species  of 
Ammonites  and  Belemnites,  in  the  secondary  epoch,  are  found  at 
the  same  horizon  in  places  far  distant  from  each  other,  and  con- 
sequently hold  an  important  place  in  the  chronologic  correlation  of 
deposits.  The  European  and  American  forms  are  almost  identi- 
cal, whilst  the  reverse  occurs  as  regards  the  Lamellibranchs  of 
the  same  epoch. 

Abyssal  facies. —  Submarine  explorations  which  have  every- 
where been  matters  of  much  attention,  have  resulted  in  clearing  up 
the  mystery  of  the  conditions  of  life  in  the  great  depths."*^  It  is 
now  known  that  th<*ro  exists  at  the  bottom  of  the  sea  a  very  rich 
fauna,  with  special  characteristic's,  but  without  close  relations  to 

*  Repttrts  of  the  Chnllfng*'r  K.rpcditton ;  Xarrativc  of  the    Cruise.     E.   Perrlor,  Lt'»  Ej'plorationa 
sous-martnfs.     1886,  chap.  VIII. 
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I  the  littoral  fauna.  There  is  scarcely  any  form,  indeed,  whiofc  I 
can  not  be  referred  to  families  already  known.  Kepresentatives  I 
\  of  forms  considered  extinct  have  been  found  there,  but  thus  far* 
I  efforts  have  not  brought  to  light  any  remains  of  the  palaeozoicfl 
I   faunas  which  it  was  hoped  would  be  discovered,  I 

I  The  fauna  of  the  coast,  ia  its  most  extended  sense,  descends  ta  I 
I  about  4l'0  meters.  It  etnhraces  the  calcareous  sponges,  GorffiftiafM 
i  Coin-alufa,  Cidaris,  Diadema,  Bryosoans,  Oysters,  CythereOf  m 
1  OtMleiropoda  of  every  group.  It  is  this  which  is  the  mist  gener-  I 
}   ally  represented  in  preceding  geologic  epochs.  I 

Ijower  down,  from  4(.ni  to  15iK>  metres,  are  found  the  siliceous  I 
Mexactineilida,  the  Sea  Stars  with  great  marginal  discs  {PentagO'  m 
nast^r),   the   soft   Echini;    special  forms  of   Crustacea,  such  aa  J 
,    GnathopJiausia    and    the   PolychelldcB.      Among    fishes,   Eary- 1 
L  pharynx  and  Bathypterois.     The  Ilj/drocorallinea  and  the^fcjjr^l 
[  onaria  disappear  U>ward  1000  metres,  I 

From  1500  metres  to  3000  metres  occurs  the  transition  from  I 
this  fauna  to  the  real  abyssal  fauna.     The  simple  Polypi  and  the  I 
I   Penlaerini  dominate,  whilst  the  silicious  sponges  become  mora  1 
I  and  more  rare;  toward  S500  metres  the  simple  Polypi  in  turn  I 
I  disappear,    and   beyond  3000  metres  the  fauna  is  represented  I 
exclusively  by  the  symniftn^  IJvU'thurians,  with  ventral  flatten- 
ing, the  large  Pycnogonidw  and  the  blind  decapod  Crustaceans. 
The  most  important  zone  as  regards  the  object  of  our  present 
consideration  is  that  which  extends  from  400  to  20'>o  metres. 
This  is  the   Verticordia  zone  of  M.  Fischer.     It  contains,  with 
types    clearly    affiliated    to    the    actual    littoral    types,  forma 
which  seem  peculiar  to  the  secondary  period;  these  are,  for  ex- 
ample, the  peduncled  Crinoids,  beloaging  to  genera  well  repre- 
sented at  this  epoch,  as  Pentacrinus  or  other  genera  which  are 
very  closely  allied  to  extinct  forms.    The  soft  Echini,  as  Calveria, 
recall  with  exactitude  the  Echinothuridaj  of  the  Chalk  ;  the  Sal- 
enidm,  characterized  by  the   presence  of   a  centro-dorsal   plate 
quite   exceptional  among  the  Echini ;  the   JLilanteridai,    repre- 
sented by  Pourtalesia,  which  recalls  the  genus   In/iihister,  and 
especiall}'  the   Crustacea  such  as  Willemoesla  which   represents 
the  Eryon  of  the  Jurassic,  are  manifestly  the  last  remains  of  a 
part  of  the  secondary  fauna  which,  on  our  coasts,  has  completely 
disappeared  or  has  been  ra*lically  transformed.     Most  naturalists 
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have  at  once  concluded  from  these  facts  that  the  [basin  of  the 
Atlantic  has  not  emerged  since  the  Cretaceous  period,  and  that 
the  fauna  of  that  epoch  had  maintained  itself  there  in  part  with- 
out transformation.  In  other  words,  the  bottom  of  the  sea  has 
remained,  to  a  certain  degree,  since  the  Cretaceous  period. 

This  induction  is  justified  to  a  certain  extent,  but  we  must  add 
furthermore,  in  order  to  form  an  exact  idea  of  the  fauna  of  that 
zone,  that  it  contains  numerous  elements  of  much  more  recent 
origin,  and  that  forms  which  evolved  on  the  littoral  zone  must 
have  migrated  toward  the  deep  sea  at  various  successive  epochs ; 
this  is  especially  proved  by  the  entire  absence  of  transition  types 
between  the  archaic  types  and  the  others  in  the  region  in 
question. 

It  would  be  natural  to  suppose,  a  priori^  that  the  euctreme 
depths  of  the  ocean  would  reveal  phenomena  of  the  same  order. 
It  was  expected  that  the  zones  lately  explored  below  3000 
metres,  would  show  us  forms  recalling  the  most  ancient 
types.  It  is  not  so ;  not  only  is  the  abyssal  fauna  destitute  of 
palaeozoic  elements,  but  even  the  mesozoic  types  have  disap- 
peared. The  inhabitants  of  the  deep  abysses  are  representatives 
of  some  of  the  most  specialized  types  of  diverse  classes.  These 
forms,  few  in  number,  bear  marks  of  a  special  adaptation.  It  is 
manifestly  a  fauna  which  has  migrated  from  a  recent  epoch.  As 
to  the  types  which  have  persisted  since  the  palaeozoic  period,  as 
Lingula^  the  Arcas^  the  Aviculas^  the  siliceous  sponges^  the  Oas^ 
teropoda  dioiocardia^  the  Nautili^  etc.,  it  is  at  a  much  shallower 
depth,  and  even  on  coasts  that  they  are  to  be  sought. 

From  what  precedes  it  is  evident  how  difficult  it  will  be  in 
Palaeontology  to  find  a  solid  basis  on  which  to  rest  an  estimate 
of  the  characteristics  of  the  deep  sea  fauna ;  the  middle  zone, 
from  1500  to  3000  metres  has,  as  a  principal  characteristic,  a 
mixture  of  very  ancient  forms,  (the  littoral  excepted),  with  recent 
forms.  One  can  conceive  how  perplexing  this  criterion  is  for 
the  oldef  geologic  epochs. 

Another  and  a  more  suggestive  characteristic  is  furnished  by 
the  especial  adaptation  of  the  organisms  to  the  conditions  of 
light  below  a  certain  depth.  It  is  known  that  the  solar  rays 
do  not  traverse  the  thickness  of  a  body  of  water  of  more 
than   400    metres.      Below   this    depth,    however,    there   does 
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I  not  exist  complete  obscurity,  since  many  animals  are  phos- 
I  t>horescent;  some,  like  the  Fishes,  have  even  special  luminous 
I  organs  which  enable  them  to  illuminate  themselves.  But  the 
I  light  in  certain  regions  is  often  vtry  feeble.  In  these  conditions 
(  &  double  ada,ptation  may  intervene;  sometimes  the  organs  of 
■  sight  assume  a  considerable  size,  as  is  the  case  for  the  Fishes  of 
I  the  genus  Ipnops^  and  among  the  Crustaceans  of  the  genus  Oysto- 
I  .aoma  where  the  eyes  cover  the  entire  upper  surface  of  the  head ; 
I  sometimes,  on  the  contrary,  the  eyes  are  rudimentary,  or  even  in 
I  some  cases  disappear  altogether  after  having  been  represented 
I  in  embryonic  life;  this  occurs  with  Pecien,  various  Gasteropods, 
I  and  a  great  number  of  decapod  Crustaceans.  These  last-named 
i  animals  supply  the  absence  of  the  visual  organs  by  an  extreme 
\  development  of  the  appendages  which  transform  themselves  into 
I  organs  of  touch. 

I  But  these  interesting  facts  are  not  without  analogies  in  the 
I  ancient  epochs.  The  Trilobites  of  the  Cambrian  period  show 
I  this  same  mixture  of  almost  or  quite  blind  forms  {Agnmtua, 
I  Trinuchit8\  and  of  forms  provided  with  unusjally  large  organs 
I  of  sight  {^€ylina). 

I  Barrande  has  even  shown  that  a  species  blind  in  the  adult  state 
' (^Trinvcl&ua  Biicklandi) '[lOssQfiseA  normal  eyes  in  its  early  age; 
sometimes  even  {various  forms  of  Paradoxides)  the  ocular 
peduncle  remains  while  the  sensorial  part  is  wanting,  which  actu- 
ally occurs  in  the  deep  water  Cymonoiniis.  This  proves  at 
least  that  the  forms  in  question  existed  in  conditions  where  the 
light  was  distributed  in  the  same  way  as  it  is  at  present  in  the 
profound  depths  Still  other  particularities,  as  the  absence  of 
strictly  littoral  forms  and  also  the  absence  of  the  primordial 
forms  of  the  diverse  groups  which  appeared  later  suddenly  and 
in  an  advanced  c  mdition  of  differentiation,  lead  us  to  think  that 
the  marine  forms  of  moderate  depths  were  very  clearly  defined, 
and  that  we  do  not  as  yet  know  what  was  the  the  littoral  facies 
of  the  Cambrian,  or  at  least  the  fauna  which  characterized  it. 
(Suess,  Neumayr.)  This  opinion,  it  must  be  stated,  is  not 
accepted  by  the  majority  of  French  palaeontologists. 

It  has  been  supposed  that  in  the  chalk  deposits  the  fonnationa 
of  the  deep  sea  would  be  found  ;  but  we  have  seen  that  the  anal- 
ogy of  certain  fossils  of  that  age  with  the  fauna  of  the  present 
Veriicordia-zoaa  proves  nothing;  the  organisms  of   that  epoch 
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have  a  clearly  pelagic  character,  and  they  must  have  ulteriorly 
descended  into  the  depths,  as  did  those  which  appeared  later.    . 

One  of  the  most  interesting  characteristics  of  the  Cretaceous 
epoch  is  the  abundance  of  siliceous  sponges  of  the  type  of  the 
Hexactinellida  which  now  exist  in  deep  water.  Close  study  of 
the  actual  distribution  of  these  organisms  shows  that  they  occur 
in  very  different  zones,  one  of  which  is  not  very  deep,  as  it  reaches 
from  60  to  400  metres. 

§  3.  Influence  of  the  Nature  of  Aquatic  Conditions. 

Fresh  water  facies. —  The  most  precise  characteristics  of 
fresh  water  faunas  are  furnished  by  the  MoUusks.  The  genera 
Palvdina^  Bithynia^  Planorbis^  LimncBa^  Physa^  S^vccinma^  among 
the  Gasteropoda ;  the  genera  Unio^  Anodonta,  Dreyssentiaajaong 
the  Lamellibranchiata,  have  been  associated  in  fresh  water  forma- 
tions from  the  beginning  of  the  Jurassic.  But  to  this  list  must 
be  added  also  all  the  terrestrial  or  aerial  animals,  whose  remains 
have  been  carried  down  by  the  water  courses,  or  which  have  been 
deposited  on  the  shores ;  the  lacustrine  beds  of  the  Tertiary  con- 
tain, as  much  of  Helix  and  Cyclostoma  as  of  Limnwu ;  in  the  lacus- 
trine deposits,  also,  are  found  the  great  majority  of  the  skele- 
tons of  known  birds,  as  well  as  many  reptiles  and  mammals, 
which  were  not  necessarily  swimming  animals. 

Most  fossil  plants  also  belong  to  formations  of  the  same  nature  ; 

not   only  the   aquatic   species,  but  all  those  which  grow  near 

water  courses,  are  aasociated  in  the  same  deposits.    This  is  almost 

the  only  way  in  which  the  purely  terrestrial  fauna  and  flora  have 

been,  in  certain  cases,  preserved  to  our  day. 

As  an  example  of  well  known  lacustrine  formations  may  be  cited 
the  little  coal  basins  of  the  Central  plateau  (France);  the  lake  of 
Commentry  with  its  fauna,  its  flora  and  its  shores  has  been,  so  to 
say,  restored  by  M.  Fayol.  At  the  commencement  of  the  Eocene 
the  lake  of  Rilly  occupied  avast  area  east  of  Paris;  a  watercourse 
fell  there  in  cascades,  and  M.  Munier-Chalraashas  reconstructed  all 
the  details  of  that  singular  locality;  plants  which  love  moist 
places,  such  as  Marchantia,  Asplenium^  there  covered  banks  over- 
shadowed by  lindens,  laurels,  magnolias  and  palms;  there  also 
were  found  the  vine  and  the  ivy ;  mosses  {Fontmalis)  and 
Char  a  sheltered  the  crav  tish  (Astaciis  Edvmrdsi)  and  the  Edri- 
ophthalmas  {Ileter<>sph(.vronia),  Insects  and  even  flowers  have  left 
their  delicate  impressicms  in  this  travertine.  Among  other 
lakes  also  well  known,  we  may  cite  the  lakes  of  Armissan 
and  of  Aix,  at  the  Oligocene  epoch,  where   the  succession  of 
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rdepcitiits  ia  so  clear,  that  by  studying  the  plants  and  insects,  we 
lean  form  an  idea  of  the  alternation  of  the  seasons.  Again,  w& 
I  Tnay  cite  the  lakes  of  Beauce  and  of  Limagne  durine;  the  Oligo- 
I'cene,  those  of  (Jiaingen  and  of  Iliidoboj  during  the  Miocene,  etc, 

I  Brackish  water  facies. —  The  same  phenomenon  of  tranaporta- 
ttion,  the  effects  of  which  have  just  been  mentioned,  has  often 
IreBulted  in  the  mingling  of  the  terrestrial  and  fresh  water  fauna 
I  And  flora  with  the  salt  water  fauna.  This  mingling  is  one  of  tho 
I  essential  characteristics  of  the  facies  of  estuaries  and  lagoons. 
I  Everywhere  at  the  mouth  of  rivers,  and  wherever  marshy  lands 
I  or  lagoons  border  the  sea,  shells,  bones  and  vegetable  remaioB 
I  even  though  not  inhabitants  of  those  localities,  have  accumu- 
[  lated  and  been  fossilized.  These  places  have  generally  a  special 
V  fauna  which  we  call  a  brachish  water  fauna,  consisting  o£ 
I  Bpecitis  which  are  able  to  bear  great  variations  in  the  saltnen 
I  of  the  water,  and  to  exist  in  a  muddy  medium.  VariooH 
I  forms  of  Carcfium,  ili/a,  Cyrc-ne,  Cerithium,  particularly 
I  those  of  the  genus  Potamides,  and  Crustaceans  near  to  Sj)hiEroma, 
I  are  the  principal  types  of  this  brackish  water  fauna.  In  tjiesfl 
I  localities  are  often  found  skeletons  of  mammals  and  reptiles, 
■'Sometimes  also  of  birds.  The  return  of  the  sea  from  time  to 
"  time  brings  marine  forms  whether  or  not  these  could  live 
in  such  localities,  while  the  descending  rivers  drag  down  the 
remains  of  the  fresh  water  and  terrestrial  flora  and  fauna.  From 
these  changes  result  frequent  alterations  in  the  character  of  the 
deposits  which,  moreover,  were  accumulated  with  great  rapidity. 

As  an  example  we  may  cite  the  Franco-Belgic  coal  basin, 
where  the  coal  beds  with  the  fresh  water  bivalve  genus 
Antkracosia,  olten  alternating  with  marine  sediments,  indicate 
the  frequent  return  of  the  sea  in  the  lagoons  where  the  vegetable 
remains  accumulated. 

The  London  clay,  the  Upper  Eocene  of  the  Paris  basin,  tho 
Oligocene  and  Miocene  south  of  Bordeaux,  etc.,  also  show  char- 
acteristics of  these  brackish  water  or  estuary  dejiosits. 

In  the  Sarmatic  beds,  which  in  France  are  referred  to  the 
Upper  Miocene,  we  find  the  best  type  of  brackish  water 
deposits.  At  that  epoch  a  vast  sea  extended  from  the  neighbor- 
hood of  Vienna  to  Turkestan.  The  Black  sea,  the  Caspian  sea, 
the  sea  of  Aral,  are  the  feeble  remains  of  that  immense  sheet  of 
water.  The  saitness  seems  to  have  undergone  considerable  vari- 
ation; it  may  have  varied  also  in  different  parts,  and  numerous 
lagoons  must   have  occupied   the    borders  of   this   interior  sea. 
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The  earliest  deposits  are  clearly  marine  (beds  with  Ce7nthium pic- 
tum\  wirh  B^ccoinum^  Tapes  and  Mactra ;  they  constitute  the 
Samartian  stage.  Higher  (Pontian  stage)  are  found  enormous 
quantities  of  Congeria  or  Dreissena  and  Melanopais^  fresh  water 
forms  able  to  exist  in  waters  slightly  salt ;  they  are  associated 
with  CardiidaB  ol  peculiar  genera  {Adacna^  Monodacna)^  which 
have  continued  to  exist  in  the  Caspian  sea  and  the  sea  of  Aral. 

The  most  abundant  representative  of  the  Gasteropods  is  an 
aquatic  Pulmonate  provided  with  plications,  the  genus  Valen- 
ciennesiay  which  attains  a  considerable  size.  • 

These  beds  show,  throughout  a  considerable  extent,  a  curious 
mixture  of  marine  types  capable  of  withstanding  a  diminution  of 
the  normal  saltness ;  and  of  fresh  water  forms  capable  of  adapt- 
ing themselves  to  a  somewhat  salt  medium.  Mammals  also  are 
found  there,  such  as  Dinotherium  and  the  Mastodon. 

A  little  later,  the  waters  become  less  and  less  salt,  and  the  fresh 
water  types  more  and  more  preponderate.  The  Copgerias  and 
Cardium  retire  into  the  narrow  basins,  and  almost  the  entire 
region  is  occupied  by  an  immense  lagoon,  inhabited  by  Paludinas, 
Melanopsis,  the  Unionidae,  and  other  fresh  water  types.  But  it 
is  a  curious  fact  that  the  Unios,  Paludinas  and  Melanopses,  living 
over  a  verv  extensive  area,  assume  the  angular  aspect  of  marine 
forms,  and!  acquire  plications  or  tubercules. 

Muddy  fades. —  Corallic  fades. —  Let  us  now  return  to  the 
clearly  marine  formations,  and  see  what  varieties  they  present. 
A  factor,  almos:  as  important  as  the  condition  of  the  water 
holding  salts  in  a  state  of  solution,  is  the  nature  of  the  substances 
held  in  susjyerision ;  this  characteristic  is  naturally  connected  with 
the  geologic  nature  of  the  sediment,  and  the  direction  of  the  cur- 
rents, b  or  example,  we  know  that  at  the  present  epoch  the 
presence  of  Mussels  on  a  rock  indicates  in  general,  muddy 
waters,  and  that  many  forms  which  abound  not  far  away  in 
clear  waters,  vanish  as  soon  as  the  Mussels  appear. 

The  nature  of  the  bottom  is  one  of  the  causes  which  produce 
great  changes  in  the  facies,  and  that  in  localities  often  quite  near 
each  other.  The  best  example  can  be  deduced  from  the  study 
of  coral  reefs.  This  study  will  demonstrate  how  an  entire  and 
complicated  fauna,  formed  of  the  most  diverse  elements,  is  wholly 
modified  under  the  influence  of  the  same  variations  of  the 
medium. 

The  conditions  which  the  reef-constructing  polyps  actually 
require  for  their  development  are  well  known  :  These  are  a  mod- 
erately high  temperature,  a  depth   not  more  than  40  metres 


200  RuroKT  OF  the  State  Geologist. 

and  lastly  the  presence  of  a  very  pure  sea  water,  that  is  to 
say,  not  mixed  with  fresh  water  and  free  from  mud.  It  is 
proved  that  whatever  may  be  the  differences  of  the  groups  to 
which  these  animals  belong,  these  conditions  remain  the  same 
through  all  the  different  geologic  epochs  The  calcareous  masses 
where  coral  structures  are  found  are  always  very  pure  and 
saccharoidal  in  texture,  and  ihe  interstices  of  the  polyps  show  no 
trace  of  marl  or  clay.  The  same  conditions  are  requisite  for  the 
existence  of  numerous  forms  belonging  to  all  the  classes  of  the 
animal  kingdom  which  live  on  the  corals  and  appear  and 
disappear  together  with  them. 

The  coral  formations  of  the  Upper  Jurassic  are  found  mostly 
within  the  circumference  of  the  Paris  hasin,  in  the  Jura,  in  Switzer- 
land and  in  Huahia.  Wherovar  those  deposits  are  not  ropresentedj 
there  exist  deposits  of  marl  or  clay  rich  in  Ammonites  or 
Lamellibrancbs.  The  earlier  school  of  geologists  admitted  that 
all  the  deposits  of  coral  origin  were  contemporary,  and  united 
them  under  the  name  of  terrain  coraUien:  the  formations  of  other 
origin  were  referred  either  to  an  anterior  epocb  (Upper 
Oxfordian)  or  to  a  more  recent  epoch  (Infra  Cretaceous).  The 
works  of  Oppel,  Niosoh,  and  more  especially  of  the  Abbfe  liour- 
geai*  have  demonstrated  that  these  reefs  were  formed  at  various 
epochs,  and  that  for  every  different  coral  fades  are  always  found 
correspiinding  muddy  fiicies  and  pelagic  facies,  of  the  same  age, 
but  very  dilTercni  in  the  cliaiucter  of  th  ■  fossils. 

The  reef  of  Valfin,  which  dates  from  the  Pterocerian  epoch, 
may  be  taken  as  the  ty|)e  of  these  formati(ms.  It  extends  for 
about  30  kilometres;  its  form  is  very  irregular  in  every  sense; 
on  one  vertical  line  are  found  lateral  expansions  which  rest  on 
successive  deposits,  like  caps  and  columns.  The  mass  of  the 
reef  is  a  limestone  of  corallic  origin;  here  and  there  in  the 
irregular  maxes  is  found  the  especial  fauna  <t  the  reefs, 
which  is  here  very  abundant.  The  polyps  embrace  no  less 
than  62  species;  toward  the  center  arborescent  forms  predomi- 
nate, sometimes  over  one  metre  m  height,  such  as  AjjloaniHia, 
Stylosmilia,  Valamophyllia,  etc.  ■  Massive  asteriate  forms  are  also 
found,  as  Thamnastrwa,  mipandrinoid  forms  {Pachygyra,  Dtn- 
drogyra).  Lastly  the  simple  polyps,  represented  by  MonUivau/tia, 
are  especially  abundunt  in  tiie  rocks  with  the  rest  of  the  fauna 
This  fauna  is  particularly  rich  in  forms  having  a  thick  test, 
which  is  in  accordance  with  the  fact  that  the  corals,  grow- 
ing in  regions  beaten  by  the  waves,  must  necessarily  be  pro- 
vided with  a  strong  power  of  resistance.  Small  size'd  species 
having  a  thinner  covering  are  only  found  in  well  sheltered  places. 

-  E.  lluurgB.I,  rirclurehrt  Jmr  la  /onrrulion.  coramafna  du  Jura  wfrlilt„„al.  ISSI. 
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These  forms  are  altogether  characteristic  of  the  reefs;  there  are 
of  the  Gasteropods,  numerous  Nerineas,  Cerithiums,  Naticas, 
Turbos,  Pleurotomarias ;  of  the  Acephala,  Dic&ras  (13  species), 
Zima^  Pectefij  Trigonia^  Corlia;  regular  Echini  of  the  family  of 
CidaridaB.    Altogether  more  than  260  species  of  fossils. 

If  we  leave  the  reef  of  Yalfin  and  go  eastward,  we  find  the 
Oolitic  ooralligenous  facies  changing^  and  passing  by  intercala- 
tion into  marls  more  and  more  mixed  with  clay.  We  arrive  at 
deposits  formed  of  marls  and  rough  calcareous  matter  whose 
fauna  is  quite  different ;  no  more  polyps  are  found ;  Nervnea 
and  Diceras  also  have  entirely  disappeared ;  in  ploce  of  these 
we  find  fossils  characteristic  of  the  Pterocerian  of  the  Boulonnais 
or  of  the  Calvados,  as  Pteroceras  Oceania  Thrada^  Pholadomya 
and  Ceromya,  Some  fossils  common  to  the  coral  zone  and  the 
muddy  zone,  such  as  Cidaris  alandifera^  Oatrea  pvUigera^  indi- 
cate, nevertheless,  as  is  proved  by  the  remainder  of  the  strati- 
graphic  arrangement,  that  we  have  here  contemporary  deposits. 
The  intermediate  zone  shows  the  gradual  modification  of  the 
fauna.  When  we  approach  the  reef  the  Pholadomyas  ^ve  place 
to  the  Trigonias  and  Cardium;  Pteroceras  and  (fidana  become 
more  rare,  whilst  the  Nerineas,  Diceras^  and  finally  the  Polyps 
appear. 

1?his  region  corresponds  to  the  lagoon  region  extending  from 
the  barrier  reefs  to  the  shore,  which  was  not  far  to  the  east- 
ward. This  muddy  lagoon  is  not  favorable  to  the  development 
of  the  Polypi  nor  the  fauna  which  accompanies  them;  the  latter, 
on  the  contrary,  develop  with  vigor  on  the  side  of  the  open  sea, 
and  their  maximum  of  vitality  is  found  westward  of  the  reef. 
There  they  disappear  suddenly.  We  are  in  the  presence  of  the 
abrupt  boundary  of  the  reef ;  immediately  after  commences  a 
facies  altogether  different,  which  extends  lar  toward  the  south 
in  the  open  sea  ;  this  is  the  pelagic  facies,  characterized  by  Am- 
monites {A,  polyplocus^  A,  trachynotus),  Belemnites,  Brachiopods 
and  Echini,  a  facies  which  persisted  in  these  regions  for  some 
time  without  modification. 

Upon  examination  of  the  succession  on  a  vertical  line  at  the 
center  of  the  reef,  we  see  that  the  advent  of  the  muddy  waters 
is  in  correlation  with  the  sudden  disappearance  of  the  coral  facies ; 
this  last,  moreover,  may  reappear  later,  but  in  its  entirety  it  is 
carried  farther  toward  the  west  of  the  deep-sea  side. 

What  has  been  said  would  apply  equally,  changing  the  name 
of  the  species,  to  the  other  reefs  of  the  Jura ;  everywhere  we  find 
the  threefold  facies ;  the  lagoon  facies  of  marl,  which  is  repre- 
sented in  other  regions,  as  in  Charente,  Normandy,  Barrois ;  the 
corallic  facies,  which  has  also  its  equivalents  in  Normandy,  in 
Yonne,  etc.;  lastly,  the  pelagic  facies,  especially  developed  in  the 
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south  and  eaBt  of  France.  The  coral  horizons  of  the  Upper  Jnras- 
sio  are  now  distributed  in  five  zones,  which  present  all  these 
three  facies;  these  zones  characterize  the  Rauracian.  Astartian, 
Pterocerian,  Virgulian  and  Portlandian  deposits. 

The  same  phenomena  present  themselves  later  in  other  local- 
ities. The  Neocomian  and  the  Gault  have  a  corallio  facies  called 
TJrgonian  ;  the  Turonian  is  represented  in  the  south  by  the  facies 
with  Hippurites,  for  which  also  a  distinct  horizon  has  been  named. 
Finally,  if  we  turn  our  attention  to  the  more  ancient  deposits, 
we  see  that  the  corallic  horizons,  formerly  referred  to  the  Devon- 
ian and  Carboniferous  as  especial  zones,  have  been  recognized  as 
the  equivalents  of  the  schistose  formations  which  surround  them. 

§  4.  Influbnoe  of  Climatk. 

Effect  of  temperature. —  Temperature  exercises  a  considerable 
influence  on  the  distribution  of  animals;  the  factor  which  at  the 
present  epoch  seems  the  most  important  in  this  regard  is  the 
maximum  of  cold  attained  during  the  winter.*  We  have,  there- 
fore, drawn  on  the  terrestrial  maps  lines  called  Iiocrymal,  which 
mark  the  mean  temperature  of  the  coldest  SO  days  of  the  year,* 
The  distribution  of  animals  is  in  direct  relation  to  the  lines  so 
determined,  which  notably  diverge  from  the  geograpliie  paral- 
lels. In  this  way  principal  zones  are  established,  which  can  be 
enumerated  for  each  hemisphere  ;  the  arctic,  the  boreal,  the  cold 
temperate,  the  warm  temperate  and  the  tropical  zone.  The  limits 
of  theee  zones  are  more  clearly  indicated  than  would  at  first 
sight  be  believed. 

Effect  of  natural  barriers.  — It  is  a  known  fact  that  tlie  lati- 
tude is  not  the  only  factor  which  determines  the  climate 
of  a  region.  Every  one  is  aware  that  the  climate  is  much  more 
nniform  and  temperate  on  the  sea  coast  than  in  the  interior  of 
the  great  continents.  But  in  regard  to  the  sea  itself,  the  mean 
temperature  may  vary  considerably  in  places  quite  near  each 
other,  consequent  upon  the  presence  or  absence  of  a  barrier 
furthering  or  impeding  communications  with  colder  or  warmer 
waters.  This  is  the  reason  why  at  present  the  Ked  Sea  and  the 
Mediterranean  have  very  differing  temperature,  notwithstanding 
their  proximity.    The  presence  of  barriers  of  solid  ground,  either 
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complete  or  incomplete,  is  then,  in  different  degrees,  an  indirect 
cause  of  the  specialization  of  marine  faunas.  But  it  is  evident 
that  it  is  also  a  direct  obstacle  to  the  diffusion  of  a  fauna  already 
specialized  through  the  action  of  other  factors. 

The  currents  have  also  a  double  effect  which  opposes  that  of 
barriers ;  on  tJie  one  hand  every  current  established  between  two 
regions  of  different  climates  will  result  in  producing  a  sort  of 
mixture  between  the  bodies  of  water  influenced  by  different 
temperatures,  and  it  will  affect  [^also  the  aarial  climate ;  the 
example  of  the  Gulf  Stream  is  too  well  known  to  make  it  neces- 
sary to  emphasize  this  point.  But  on  the  other  hand  these  cur- 
rents will  bring  with  them  the  larvae  of  various  animals  which 
will  penetrate  more  or  less  into  a  zone  where  they  were  before 
unknown.  This  migration  of  faunas  may  occur  without  any 
very  notable  change  in  the  general  climate,  provided  the  Current 
does  not  put  in  motion  any  considerable  masses  of  water ;  thus 
the  current  of  Gibraltar  introduced  into  the  Mediterranean  dur- 
ing the  Pliocene  epoch,  forms  belonging  to  the  Atlantic,  and 
those  forms  have  remained  in  the  Mediterranean,  although  the 
mean  temperature  there  is  now  much  higher  than  that  of  the 
Atlantic. 

It  is  easy  to  understand  that  in  studying  geologic  eras  it  is 
very  difficult  to  form  an  exact  idea  of  the  influences  of  barriers 
and  currents.  When  we  have  established  the.  presence  of  two  dis- 
tinct faunal  zones  which  display  no  differential  characteristics  in 
the  respects  mentioned  above ;  when  in  the  same  region  we  note 
the  appearance  of  a  fauna  which  before  this  period  existed  in 
other  basins,  we  are  sometimes  perplexed  as  to  the  influence  to 
be  assigned  to  variations  of  climate,  or  to  barriers  and  cur- 
rents. We  may  succeed  sometimes  by  closely  comparing  the 
results  furnished  by  the  marine  fauna  with  those  afforded  by  the 
study  of  the  flora  and  of  the  fresh-water,  terrestrial  or  even 
aerial  fauna. 

The  problem  of  the  determination  of  climates  at  ancient 
epochs  through  the  data  of  Palaeontology  is  by  no  means  insolu- 
ble ;  it  has  been  the  object  of  profound  and  ingenious  researches, 
the  results  of  which  already  attained  deserve  our  attention  for 
a  moment.* 

♦  Neumayr.  Krilyeschichtc,  toI.  II.    Heer,  Le  Monde primitifdc  la  SuiMse. 
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Climate  of  the  Silurian  and  the  Devonian. —  Since  the  epoch  o' 
the  Cambrian  we  can  distinguish  in  Europe,  as  demonstrated  by 
Bairande,  two  different  zones  —  a  northern  and  a  southern;  the 
fauna  is  almost  identical  in  Russia,  in  Scandinavia,  as  well  as  in 
the  regions  farther  toward  tho  south,  such  as  southern  Poland, 
Galicia,  Thuringia  and  England  ;  a  distinct  fauna  is  found  in  the 
Montague  Noire,  in  Sardinia,  in  Spain  and  in  Portugal,  This 
second  facies  is  identical  with  that  of  Bohemia.  The  same 
genera  are  represented  in  the  two  bands;  but  the  species  differ. 
In  America,  where  the  Cambrian  covers  considerable  areas,  in 
Siberia,  in  China,  the  northern  facies  alone  has  so  far  been 
discovered. 

These  facts  prove  incontestably  the  existence  of  climatic  zones 
at  the  most  remote  epochs  ;  to  undertake  to  explain  them  by  the 
existence  of  natural  barriers  is  to  carry  back  the  problem  with- 
out explaining  it,  for  if  the  fauna  possessed  this  difference  during 
the  Cambrian,  it  is  because  it  acquired  the  difference  from  the 
Precambrian,  and  it  is  at  that  time  that  the  temperature  would 
have  exercised  its  influence. 

It  is  probable  that  the  climate  was  warm  at  the  beginning  of 
the  Palaeozoic  epoch.  This  seems  to  be  proved  by  the  existence  of 
coral  reefs  which  make  their  appearance  after  the  Middle  Silurian, 
and  which  are  particularly  abundant  in  the  upper  part  of  the 
stage,  in  Gotland,  in  the  Baltic  provinces  of  Russia,  in  the  United 
States  and  in  Canada.  The  groups  which  form  the  present  reefs 
had  not  yet  appeared;  in  their  place  we  hr.d  Tetracorallia,  Favo- 
sitids  and  Strom atoporas.  It  would  be  somewhat  hazardous  to 
suppose  that  these  forms  required  precisely  the  same  conditions 
of  temperature  as  do  those  of  the  present ;  but  the  other  conditions 
of  depth  and  purity  of  water  appear  to  have  been  palpably  the 
same. 

At  the  Devonian  epoch  we  find  again  two  facies ;  the  ordinary 
marine  facies  and  a  northern  facies,  the  Old  Red  Sandstone,  whicn 
characterizes  the  north  of  England,  Scotland  and  to  some 
degree  the  northern  part  of  America.  But  here  other  consid- 
erations besid^  that  of  temperature  must  intervene;  the  Old 
Red  Sandstone  presents  the  character  of  a  coastal  or  interior 
basin  deposit,  which  forbids  our  insisting  here  on  points  as  yet 
obscure. 

We  may  add  that  the  corals  of  the  Devonian  are  found  also  in 
very  high  latitudes ;  in  the  Ardennes,  Eifel,  Canada  and  the 
State  of  New  York. 

Clivmte  of  the  Garhoniferoua  epoch  —  At  the  Carboniferous 
epoch  a  new  factor  makes  its  appearance  The  terrestrial  flora, 
which  has  already  representatives  in  the  Devonian,  assumes  an 
importance  which  warrants  our  introducing  it  into  our  present 
argument. 

It  is  known  that  the  geographic  distribution  of  plants  is  strictly 
related  to  the  divisions  of  the  climatic  zones.    But  the  area  of 
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the  distribution  of  species  at  the  Carboniferous  era  is,  so  to  say, 
universal.  The  same  forms  exist  in  the  most  widely  separated 
localities,  where  they  appear  and  disappear  simultaneously. 

The  flora  of  Europe,  of  Siberia,  of  North  and  South  America, 
of  the  Polar  regions  and  of  Tasmania  present  the  closest  analogy. 
The  greater  part  of  the  forms  which  compose  this  flora  attain  a 
gigantic  size ;  these  are  the  Lycopodiacea,  Equisetacea,  Ferns  and 
arborescent  Cycads.  The  examination  of  this  flora  has  led  us 
to  conclude  that  the  temperature  at  the  Carboniferous  epoch  was 
considerably  elevated  and  uniformly  distributed  through  all  the 
regions  where  the  deposits  of  that  age  exist.  But  we  no  longer 
hold  to  the  hypothesis  that  that  temperature  was  precisely  torrid ; 
neither  is  it  necessary  to  suppose,  as  has  been  advanced,  that  the 
atmosphere  at  that  time  was  charged  with  vapor.  An  elevation 
of  some  degrees  suflBces  to  explam  the  presence  of  arborescent 
forms.  The  entirety  of  the  characteristics  of  the  coal  flora, 
which  has  its  maximum  of  importance  between  30°  and  50°  north 
latitude,  appears  to  indicate  a  maritime  climate;  Europe  and 
North  America  must  have  been  a  sort  of  archipelago,  in  the 
lagoons  of  which  existed  a  warm  and  moist  temperature. 

Several  indications  demonstrate  moreover,  that  the  preceding 
data  are  not  incompatible  with  the  existence  of  climatic  zones. 
Still,  the  coal  formations  disappear  south  of  3ij°  of  north 
latitude,  and  we  have  no  means  of  judging  what  transpired  in  the 
Equatorial  zone.  Furthermore,  there  are  some  slight  diversities 
found  in  the  flora  of  the  Arctic  regions ;  the  Sigillarias  are 
wanting  there. 

A  new  element  of  discussion  has  been  brought  forward  by 
Waagen,  who  has  discovered  in  the  upper  part  of  the  Carbo- 
niferous system  almost  indubitable  traces  or  glacier  action  in 
India,  the  Cape  region,  and  southern  Australia  ;  the  flora  of  those 
deposits,  where  are  found  rocks  giving  evidence  of  glacier  trans- 
portation, possesses  characteristics  which  bring  it  mto  relation 
with  the  flora  of  later  periods.  It  is  known,  moreover,  that 
the  presence  of  glaciers  does  not  imply  the  existence  of  any 
extreme  cold  ;  elevated  areas  for  condensation  and  great  humidity 
are  sufficient. 

The  uniformity  of  the  coal  flora  is,  moreover,  a  fact  which 
proves  less  than  would  that  of  plants  of  a  higher  organization. 
The  wide  area  of  distribution  of  the  Cryptogamia,  bath  the 
vascular  and  others,  is  indeed  readily  explained  by  the  fact  of  the 
lightness  and  abundance  of  their  spores ;  it  is  known  also  that 
according  to  the  law  of  the  struggle  for  existence,  localization  is 
much  less  pronounced  in  a  flora  of  little  variation  than  in  a  flora 
of  more  varied  forms,  and  that  it  is  especially  striking  in  types 
of  the  highest  organization.  But  the  Dicotyledons  and  Mono- 
cotyledons, which  are  the  most  perfect  and  most  delicate  plants, 
and  consequently  the  most  restricted  in  locality,  are  wanting  at 
the  epoch  of  which  we  speak. 
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But  these  Cryptogamia  are  not  the  only  plants  of  the  Carbo- 
niferous epoch  ;  the  Gymnospermia,  already  represented  by  the 
I  Cycada  and  Cordaites,  furnish  us  with  more  exact  informatioa 
I  regarding  climate.*  It  is  known  that  the  Dicotyledons  and 
'  Gymnosperms  in  the  structure  of  their  stems  and  roots  present 
-  traces,  recorded  continuously,  of  the  influence  of  annual  climatic 
I  variations. 

Every  yearly  deposit  of  wood  consists  of  an  interior  porous 
layer,  formed  in  the  spring,  and  a  more  dense  external  one,  pro- 
duced in  the  autumn;  the  thickness  of  the  entire  layer  varies 
moreover,  according   as  the   year  was   favorable   or  otherwise. 
I  The  differences  of  the  annual  layers  are  slight  when  the  climate  ia 
i  tiniform,  and  they  indicate  nothing  more  than  periods  of  humidity 
I  and  dryness. 

But  in  examining  the  trunks  of  the  Conifers,  at  epochs  mora 
I  and  more  remote,  we  find  that  the  tissue  becomes  more  and  more 
I  homogeneous,  and  at  the  coa!  epoch,  the  lines  of  demarcation  are 
I  scarcely  indicated ;  it  is  then  especially  at  that  epoch  that  the 
f  olimate  must  show  the  greatest  uniformity. 

I  To  sum  up;  actual  researches  reveal  a  strongly  marked  tendency 
,  to  reduce  the  great  differences  which  were  thought  to  have 
'  existed  between  the  coal  epoch  and  the  present.  Nevertheless, 
f  it  remains  conceded  that  ihe  climate  must  have  been  very 
[  warm,  as  is  shown  by  the  coral  reefs  which  exist  in  the  same 
I  localities  as  during  the  Devonian,  and  which  are  also  found  as 
I  far  north  as  Nova  Zembla  and  Spitzbergen. 

Climate  of  the  Jurassic. —  At  the  Permian  and  Triassic  epochs, 
the  (litferences  in  the  faunas  are  moKtly  in  tlie  jiylnyic  and  littoral 
facies.  Little  is  known  concerning  the  climate  of  those  periods. 
It  is  during  the  Jurassic  that  we  find,  for  the  first  Lime,  certain 
proofs  of  the  existence  of  climatic  zones.  The  marine  fauna 
18  distributed  in  seas,  tl  e  contour  and  facies  of  which  ure 
relatively  well  known,  so  that  we  know  how  much  to  attri- 
bute to  the  inQuence  of  temperature.  An  arctic  zone  is  indi- 
cated principally  by  the  absence  of  Ammonites  of  the  groups 
of  Lytoceras,  PhylloceraH  and  Simoeeras,  by  the  presence  of 
Acepnala  of  the  genus  Aucella,  by  the  frequency  of  certain 
Belemnites  {B.  excentricus)  and  the  absence  of  Corals.  This  cold 
sea  sends  arms  toward  the  south,  the  most  important  of  which 
ia  the  basin  of  Moscow,  which  communicates  by  straits  with 
a  vast  mediterranean  sea,  in  which  the  terranes  of  Western 
Europe  appear  as  an  archipelago.  This  interior  sea  is  divided 
into  two  parts  by  the  limit  of  the  climatic  zones.  The  northern 
portion  forms  the  transition  between  the  arctic  zone  and  the 
southern  region.  This  latter  presents  the  facies  called  Alpine, 
extending  through  southern  France,  Spain,  Italy,  the  Alps,  the 
Carpathians,  and  the  Dobroudja;  it  has  its  southern  limit  in 
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Algiers  and  in  Asia  Minor ;  it  extends  through  Egypt  as  far  as 
Mozambique,  Madagascar  and  the  Indies.  It  is  defined  by  the 
abundance  of  Ammonites  already  mentioned  and  by  the  develop- 
ment of  coral  reefs.  These  diverse  facies  extend  throughout  the 
entire  globe,  in  corresponding  latitudes,  notwithstanding  the 
barriers  formed  by  vast  continents.  Toward  the  south,  in  the 
southern  hemisphere,  the  temperate  facies  reappears,  and  we  find 
even  the  AuceJlas  in  New  Zealand;  the  Cape  ountry.  South 
America  and  Australia  belong  to  this  antarctic  temperate  facies. 
(Neumayr.) 

The  Corals  more  and  more  approach  existing  forms,  and 
seem  to  require  the  same  conditions  of  temperature  to  form 
considerable  reefs. 

Their  northern  limit  notably  trends  toward  the  south;  the 

Ehenomenon  is  a  very  general  one,  and  does  not  depend,  as  might 
e  thought,  solely  on  the  elevation  which  is  apparent,  for  instance, 
in  the  basin  of  raris  at  the  close  of  the  period,  and  the  result  of 
which  is  the  appearance  of  a  muddy  condition  unfavorable 
to  the  building  of  reefs.  Toward  the  Kauracian  epoch,  the 
Coral  reefs  are  already  much  farther  to  the  south  than  during 
the  Carboniferous.  They  abound  around  the  Paris  basin,  in 
the  south  of  England,  in  Switzerland,  in  Suabia  and  in  Galicia. 
During  the  Tithonic  period  they  are  found  in  the  region  of  the 
Jura  and  the  Alps. 

Climate  of  tht  Cretaceous  epoch. —  The  Cretaceous,  and  espe- 
cially the  Upper  Cretaceous,  shows,  in  all  that  regards  the 
marine  fauna,  precisely  the  same  climatic  zones  as  the  Jurassic, 
but  still  more  clearly  defined  ;  the  boundaries  are  the  same  in 
their  general  lines,  but  their  contour  becomes  more  regular,  and 
tends  to  approach  the  geographic  parallels. 

The  zones  of  distribution  of  the  flora,  also,  are  no  less  clearly 
defined;  this,  as  has  been  seen,  had  given  no  very  interesting 
results  later  than  the  Carboniferous  ep  ch.  Now,  on  the  con- 
trary, the  evolution  of  vegetable  forms  becomes  more  marked, 
and  their  distribution  becomes  important.  The  Firs  make  their 
appearance  in  Greenland,  at  70°  of  latitude,  and  the  first  Angio- 
sperms,  as  yet  but  little  differentiated,  appear  in  the  Cretaceous 
of  Portugal  (de  Saporta,  1891). 

The  Coral  reefs  continue  to  recede  toward  the  south  ;  the 
Turonian  limestones  with  Kudistes,  where  they  are  represented  in 
their  finest  development,  appear  in  the  Corbieres,  in  Provence,  in 
the  Salzkammer^ut  and  the  Styrian  Alps.  They  are  not  found 
at  the  end  of  the  Cretaceous  period,  since  the  regions  in  question 
are  occupied  by  lacustrine  or  salt  water  formations. 

Climate  of  the  Tertianj  epoch  —  In  the  Tertiary  the  evidence 
becomes  more  and  more  abundant  and  precise. 

During  the  Eocene  and  Olhjocene  the  northern  limit  of  the  Corals 
remains  sensibly  the  same  as  during  the  Cretaceous;  they  are 
found  in  the  Corbioies,  in  Switzerland,  in  the  Vicentin,  etc.;  they 
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gradually  approximate  exististing  forms.  The  plants  which  are 
considered  cnaracteristic  of  a  tropic  climate,  as  Palms  and 
the  Bananii,  do  not  extend  beyond  the  northern  parts  of  Eng- 
land and  of  Germany, 

The  Oligncfne  and  the  Miocene  have  been  the  object  of  pro- 
found discussions  from  the  pomt  of  view  which  we  are  consiaer- 
ing  In  central  Europe,  the  Mammals  and  Corals  show  tropical 
.  characteristics.  The  marine  Mollusks  are  tropical  with  forms 
which  have  remained  in  the  present  Mediterranean ;  the  fresh 
water  and  terrestrial  Mollusks,  the  insects  and  the  plants  are  sub- 
tropical in  the  Oligocene  and  the  Lower  Miocene,  then  they 
assume  the  characteristics  of  the  fauna  of  southern  Europe ;  the 
birds  differ  little  from  the  present  species,  but  include  also  tropi- 
cal forma.  To  sum  up,  the  climate  was  warm,  and  the  winters 
were  mild,  as  is  proved  by  the  distribution  of  the  fossil  plants 
in  the  annual  deiK>sits  of  the  lakes  of  the  south. 

The  northern  regions  possessed  at  this  epoch  a  temperate 
climate;  the  planis  of  Grinnell  land,  S3'^  of  north  latitude,  those 
of  Iceland,  Spitzbergen.  etc.,  studied  by  Heer,  are  Pines,  Elms, 
Nymphacea,  Cyperus,  Carex  and  Potamogeton,  In  Spitzbergen, 
at  70",  we  find  even  Magnolias  and  the  Gingko,  which  are  char- 
acteristic of  the  warm  temperate  flora,  Heer  has  pointed  oat 
that  this  flora  re<]uires  a  moderately  high  temperature,  from  17.5° 
to  that  attained  at  the  present  day,  and  the  difference  reaeheB 
even  as  far  as  2^°  for  Gnnnell  land. 

But,  as  is  demonstrated   by  Keumayr,  these  conclusions  hold 

food  only  for  Euro}ie.  The  lowering  of  the  temperature  at  the 
[iocene  epoch  is  much  more  marked  in  Korth  and  South 
America;  Europe  at  that  time  had  probably  a  much  milder 
climate  than  existed  in  other  parts  of  the  world.  In  the 
central  portion  of  North  America,  and  in  Chili  especially,  the 
temperature  appears  to  have  been  very  little  higher  than  it  is  at 
present. 

After  the  period  of  the  Upper  Miocene  the  reef  corals  defini- 
tively disappeared  from  Europe;  the  last  of  them  are  found  in 
Ifalta  and  in  Asia  Minor.  During  the  Pliocene  they  are  found 
only  in  the  Red  Sea,  that  is  to  say,  they  reached  the  limit  which 
has  been  their  boundary  to  the  present  day.  The  Pliocene  flora 
of  France,  with  its  Bamboos  and  Laurels,  is  still  a  warm  flora; 
the  plants  which  at  present  do  not  pass  beyond  35°,  reached  at 
that  time  to  40°.  But  the  temperate  elements  which  exist  now 
in  the  same  regions  are  already  abundantly  represented. 

Climate  of  the  Pliocene  and  Quaternary  —  We  now  come 
to  an  epoch  very  near  our  own,  where  theelementsof  comparison 
are  directly  drawn  from  living  nature,  and  thus  allow  more  pre- 
cise inductions. 

In  England,  the  marine  deposits  succeed  each  other  uninter- 
ruptedly at  certain  points,  starting  from  the  Pliocene.  But  on 
the  one  hand  almost  all  the  marine  shells  of  the  Pliocene  and 
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Quaternary  are  identical  with,  or  at  least  very  similar  to  forms 
actually  existing.  Of  these  forms,  some  are  now  localized  in 
the  northern  seas,  which  they  already  inhabited  at  that  epoch, 
others  have  persisted  on  the  same  coasts ;  lastly  a^ain,  others 
have  migrated  southward.  A  most  interesting  point  for  con- 
sideration is  the  order  of  succession  of  these  forms.  At  the 
beginning  of  the  Pliocene  epoch  in  the  Coralline  cra^,  the  species 
belonging  to  the  warm  seas  had  already  entirely  disappeared ; 
in  their  place  are  found  the  temperate  forms  {Terebratvli/na 
caput-serpentis,  Valuta  Lambertiy  Astarte  Omalii)  Gradually  the 
Arctic  forms  make  their  appearance  with  Trophon  antiquum  in 
the  red  crag,  Cyprina  islandioa  in  the  Norwich  crag,  and  at 
the  same  time  such  forms  as  Cardium  eduUy  iTurriteUa  commu- 
nis^ which  have  continued  to  exist  in  the  same  seas. 

The  craff  of  Anvers,  with  forms  of  the  present  temperate  seas 
such  as  Chenopvs  pespelicanij  Isocardia  cor^  Saxicava  a/rtica^ 
shows  also  spe«ies  of  cold  seas,  such  as  Lucina  horeaZis.  The 
existence  of  cold  currents  coming  from  the  north,  and  bringing 
progressively  arctic  forms,  can  not,  therefore,  be  questioned. 
Still,  notwithstanding  the  gradual  cooling,  the  temperature  of 
the  solid  land  was  yet,  at  the  epoch  of  the  Forest-hedy  quite  as 
warm  as  at  present ;  this  is  proved  by  the  study  of  the  flora 
and  terrestrial  shells. 

There  are  found  at  a  still  higher  horizon  deposits  of  the  glacial 
epoch.  The  raised  beds  of  Yorkshire,  of  Scotland,  of  the  Galles 
country,  the  bowlder-clay  which  covers  a  great  part  of  ^Russia 
and  northern  Germany,  contain  marine  fossils,  some  of  which  • 
are  identical  with  the  present  forms  of  the  same  regions  {Cardium, 
edule,  Ostrea  edulis^  Buccinum  undatum^  Murex  erinaeeus); 
others  have  a  clearly  arctic  character,  such  as  Zeda  rostrata^ 
Fusus  carinatus^  Yoldia  arctica. 

The  phenomenon  of  the  recession  of  pre-existing  forms  toward 
the  south,  and  the  arrival  of  new  forms  from  the  north,  becomes 
progressively  accentuated  during  a  great  part  of  the  Quaternary 
period.  It  seems  an  almost  evident  conclusion  from  these  facts, 
that  a  sensible  cooling  of  the  climate  and  the  existence  of  cur- 
rents from  the  north,  have  brought  down  the  arctic  fauna  into 
temperate  latitudes.  Some  naturalists,  nevertheless,  have  thought 
the  facts  justified  a  contrary  opinion,  namely,  that  the  Quaternary 
fauna  was  autochthonic,  and  by  emigration  toward  the  north 
had  produced  the  actual  arctic  fauna.  This  phenomenon,  then, 
would  be  in  accord  with  that  which  would  people  the  great 
depths  through  colonies  from  the  littoral  fauna,  and  would 
explain  the  presence  of  forms  common  to  the  boreal  and  abyssal 
zones,  such  as  Rhizocrinus^  Brisinga  and  numerous  MoUusks. 

But  these  ingenious  views  are  not  confirmed  ;  they  are  contra- 
dicted by  numerous  facts.  The  cooling  of  the  earth  at  the  gla- 
cial Quaternary  epoch  is  a  fact  so  general  and  so  well  proved 

27 


■  SlO  REroBT  OF  THE  State  Geologist.  ^^P^H 

I  that  Penck  has  been  able  to  trace  the  limit  of  perpetual  bdow  in 
I  the  principal  mountain  regioDs,  and  to  aboir  that  that  line  w^as 
y  much  lower  than  at  the  present  epoch.  The  invasion  of  temper- 
ate regions  by  arctic  forms  applies  not  only  to  the  marine  fauna 
but  also  to  the  terrestrial  forms,  es[)ecially  the  Hora  which  hero 
I  famishes  valuable  data;  the  plants  of  the  glacial  epoch,  as 
I  £etula  nanay  IJypnum  groeniajidicum,  Uypnuvx-  sannentosum, 
I  are  arctic  plants,  successors  of  the  Firs,  lews,  etc.,  which  con- 
I  Btitute  a  temperate  fiora,  and  which  migrated  temporarily 
f  toward  the  south  to  return  afterward  into  our  regions. 
[       The   hypothesis  of   the  local  formation  of    the  arctic    fauna 

■  could  not,  in  any  way.  explain  the  southward  migration  of  tiie 
I  preceding  fauna  and  flora,  and  the  return  of  a  portion  of  those 
I  forms  at  the  end  of  the  period  of  the  great  glaciers.  The  arctia 
I  fauna  must  have  begun  its  existence  in  the  boreal  regions. 

[  The  conclusion  from  what  precedes  is  evident  and  absolute. 
I  The  study  of  faunas  and  floras  demonstrates  that  the  surface  of 
I  the  earth  has  been  subjected  to  a  gradual  cooling  process  from 
I  the  most  ancient  periods.  The  climatic  zones,  at  the  beginning 
[  BO  indistinct  that  their  existence  might  be  doubted  and  still  ia 
L  matter  for  discussion,  have  become  more  and  more  pronounced 
I  to  the  present  day.  With  regard  to  Europe,  the  period  imme- 
I  diately  preceding  the  one  in  which  we  live  has  been  the  onlyone 
V  which  was  some  degrees  colder,  ' 

This  law  is  well  knoivn;  it  has  Ijeen  frequently  formulated. 
But  we  have  thought  it  interesting  to  point  out  that  in  these 
last  years  the  palaeontologic  comparisons  which  bad  for  their 
object  the  inductions  relating  to  the  climatic  conditions  of 
ancient  epochs,  are  conducted  with  minute  care  by  the  most 
experienced  observers  It  is  not  deemed  suflicient  to  indicate 
in  general  with  what  expression  the  phenomena  have  manifested 
themselves;  the  endeavor  at  the  present  day  is  to  push  pre- 
cision as  far  as  possible,  and  to  form  an  idea  of  the  multiplex 
circumstances  which  have  brought  about  the  constitution  of  the 
varied  faunae  and  floras  found  in  the  diverse  formations  of  all 
tiie  regions  of  the  globe. 


CHAPTER  V. 


The  Process  of  Fossilization. 

Conditions  requisite  for  fossilization. —  Fossilization  is  the 
sum  of  the  phenomena  by  which  the  remains  or  impressions 
of  animals  or  plants  are  preserve  in  geologic  deposits  The 
first  condition  required,  in  order  that  the  organic  remains  may 
leave  some  traces,  is  that  the  living  organisms  to  which  they 
belonged  should  not  be  too. long  exposed  to  the  atmosphere 
during  the  time  immediately  following  their  death.  The 
decomposition  of  all  protoplasmic  substances  is  a  matter  of  cur- 
rent observation  which  it  is  unnecessary  to  discuss. 

There  is  only  one  instance  known  of  extinct  animals  having 
been  procured  intact  with  their  soft  parts;  that  is  the  example  of 
the  Mammoth  {Elephas  pri7nigenius\  found  in  Siberia  in  a  block 
of  ice  which  had  preserved  it  from  all  change. 

Matter  possessing  greater  power  of  resistance  than  does  the 
protoplasmic,  such  as  bones,  shells  and  the  cellular  parts  of 
plants,  also  decomposes  in  the  air  after  sufficient  exposure. 
Neumayr  cites  as  an  example  the  interesting  fact  noticed  by 
Marcou:  The  Buffaloes  are  little  by  little  disappearing  from 
the  prairies  of  North  America,  and  are  retiring  before  the 
increasing  population  of  those  countries.  But  there  are  still 
found  scattered  over  the  soil  skeletons  of  those  animals  through- 
out the  regions  which  they  have  abandoned  during  the  last  twenty 
years,  while  from  those  portions  of  the  country  which  they  left 
before  that  time,  their  remains  have  almost  wholly  disappeared. 

The  condition  essential  for  the  finding  of  organisms  in  a  fossil 
state  is  that  the  remains  should  have  been  either  speedily  buried 
in  the  earth  or  preserved  in  water. 

The  second  of  these  conditions  is  not  in  itself  sufficient.  The 
cellular  parts  are  exposed  in  the  water  to  the  attacks  of  bacteria^ 
and  may  finally  decay  without  leaving  any  vestiges.  The  same 
may  be  said  of   the  chitinous  or  horny  parts  of  animals.     On 
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the  other  hand,  the  carbonate  of  lime  in  the  calcareous  parti 
of  these  skeletons,  being  dissolved  by  water  containing  car- 
bonic acid,  bones  and  shells  finally  diBap[>ear,  whether  in 
fresh  or  salt  water.  Thus,  at  present,  it  may  happen  that  the 
^rcat  depttiB  may  be  found  destitute  of  the.  shells  of  M(d< 
lusks  and  ForaniinifeFa,  which  are  abundant  at  the  surface^ 
tlie  remains  having  been  dissolved  before  they  reached  the  bottom, 
of  the  sea,  though  found  in  great  abundance  in  deposits  made  at 
a,  lesser  depth. 

It  follows,  then,  that  the  remains  found  where  they  have  been 
deposited  from  the  water,  were  covered  by  sediments  in  a  rela- 
tively short  time,  and  even  thus  they  are  not  entirely  guarded' 
against  destruction.  When  the  fossiliferous  deposits  are  elevated' 
above  the  water,  they  are  exposed  anew  to  the  action  of  rainB|.1 
■whose  dissolving  properties  are  extremely  active,  and  calcareooa 
matter  runs  another  chance  of  disappearing.  We  have  indicated 
in  fine,  that  as  to  animals  of  the  Precambrian  epoch  the  thermiij 
and  chemic  phenomena  have  so  altered  the  nature  of  the  rocka 
that  every  trace  of  living  creatures  has  disappeared. 

These  conditions  being  understood  we  will  proceed  to  a  rapid 
exposition  of  the  processes  which  permitted  the  fossilization  of 
animals  and  plants. 

FoasUisation  of  animals. —  Under  the  most  favorable  con- 
ditions, the  entire  organism,  including  the  soft  parts,  has  left 
impressions  which  allow  the  re-establishing  of  the  form,  and  even 
the  investigation  of  some  points  of  its  organization.  The 
favored  localities  where  these  conditions  have  been  realized 
are  celebrated.  The  best  known  case  is  that  of  the  lithographic 
schists  of  the  Upper  Jurassic  in  Bavaria.  At  Kellheim,  Eich- 
stiidt  and  especially  at  Solenhofen,  there  have  been  found,  along 
with  multitudes  of  the  fossilized  hard  parts  of  animals,  impres- 
sions of  Medusae  of  various  species,  and  of  naked  Cephalopoda, 
whose  ink-bag  with  its  canal  is  perfectly  recognizable,  the  sepia 
being  transformed  into  a  mass  of  fine  coal-like  granulations. 
The  rock  consists  of  a  laminated  lithographic  limestone  of  very 
fine  texture,  which  must  have  been  deposited  in  the  form  of  soft 
mud  in  tranquil  waters.  The  lithographic  limestone  of  Cerin, 
in  Ain,  has  furnished  splendid  specimens  of  the  same  kind.  In 
England  the  soft  parts  of  Belemnitidaj  have  also  left  some  im- 


I 


Ordinarily  traces  of  the  hard  parts  only  are  found  imbedded 
in  the  rock.     Such  substances  are  divided  into  two  groups. 
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The  first  group  contains  matter  of  purely  organic  origin, 
as  chitine  and  conchioUne.  These  substances  are  eventually 
attacked  by  disintegrating  agents,  but  they  resist  these  long 
enough  before  they  disappear  to  leave  hollow  casts,  or  else  they 
change  into  carbonaceous  deposits  which  faithfully  reproduce 
their  forms. 

The  localities  in  Bavaria  already  cited,  contain  Crustacea, 
Arachnids  and  Insects  in  excellent  state  of  preservation.  These 
last  named  are  found  also  by  thousands  in  the  lacustrine  de- 
posits of  Aix,  Armissan,  dating  from  the  Oligocene,  of  Oeningen 
(Baden),  of  Florissant  (Colorado),  (Miocene).  Among  the  impres- 
sions of  chitinous  substances  we  must  cite  the  Graptolites, 
hydrozooid  colonies  which  abound  in  the  hilurian  oeds  of 
!Elohemia,  Sweden  and  America. 

Shells,  the  covering  of  Echinoderms,  and  the  bones  of  Verte- 
brates are  composed  of  calcareous  salts  mixed  with  an  organic  sub- 
stance, conchioli'ne  or  ossine.  The  mineral  part  consists  of 
carbonate  of  lime  in  the  state  of  arragonite  or  calcite,  or  of 
mixed  carbonate  and  phosphate.  The  organic  substance,  as  a 
general  rule,  decomposes  quickly  after  the  death  of  the  animal. 
The  remains  found,  whether  shells  or  bones,  then  sometimes 
remain  porous.  But  usually  water  charged  with  calcareous  salts 
penetrates  into  the  interstices  thus  produced  and  the  salts 
(carbonates  or  phosphates)  are  deposited  in  such  a  manjier  that 
the  remains  become  homogeneous. 

Very  frequently,  during  deposition  on  the  bottom  where  the 
organic  remains  lie,  the  sediment  penetrates  into  the  cavities 
which  remain  between  the  hard  parts;  the  interstices  in  the 
skeleton  of  the  corals,  the  visceral  cavities  of  the  Sea-urchins,  the 
shell  cavities  of  Mollusks  and  of  Brachiopods  are  thus  frequently 
filled  with  a  substance  identical  with  the  contiguous  rock ; 
this  may  be  carbonate  of  lime,  clay,  sand,  more  rarely  flint,  oxide 
of  iron  or  phosphate  of  lime.  The  original  shell  may  also  be 
preserved,  but  it  often  disappears,  being  dissolved  by  water 
charged  with  carbonic  acid.  In  this  case  the  fossil  pre- 
sents itself  in  the  form  of  an  internal  mold.  If  the  cover- 
ing is  thin,  the  examination  of  the  mold  may  suffice  to  give  an 
idea  of  the  shell  itself ;  this  is  the  case  notably  among  the 
Ammonites,  which  are  generally  found  in  this  state;  but  it  often 
happens,  on  the  other  hand,  that  the  interior  of  a  fossil  cavity 
gives  only  a  vague  idea  of  the  details  of  the  exterior,  and  a 
decision  regarding  its  external  features  presents  great  difficulties. 
Such  is  the  case  with  many  Acephala  and  Gasteropoda. 

A  fossil  naturally  leaves  an  impression  on  the  rock  which  con- 
tains it ;  this  impression  represents  the  external  mould  of  the  fos- 
sil. There  is  often  an  internal  mould  together  with  the  external 
one ;  in  this  case  the  original  form  of  the  fossil  itself  can  often  be 
artificial! V  reproduced.  In  order  to  do  this  the  space  left  vacant 
must  be  filled  with  soft  plaster  or  wax,  and  the  rock  then  can  be 
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I  dissolved  by  an  acit!  or  otherwise  removed.  Tbis  delicate  manipn- 
I  lation  requires  great  precaution.  Such  moulds  as  can  be  produced 
[  by  a  foreign  substance  are  sometimes  made  naturally.  Watera 
I  oEarged  with  mineral  substances  may  deposit  these  in  the 
I  place  of  the  carbonate  of  lime  which  has  been  dissolved.  The 
Liossil,  then,  is  essentiallv  restored  in  flint  or  in  oxide  of  ir  a, 
f  This  result  is  produced,  for  example,  in  calcareous  Sponges  whose 
|. spicules  are  often  converted  into  silica;  also  in  some  MoUusks, 
[  Polyps,  and  particularly  in  tbe  Brachiopods. 
I  In  these  various  cases,  by  dissolving  slowly  and  carefully  the 
liSnrroundiDg  rock  by  means  of  a  weak  acid,  splendid  preparations 
I  may  be  obtained  displaying  details  which  otherwise  would  have 
L  eluded  observation.  In  the  Brachiopods,. in  particular,  when  the 
I  brachial  apparatus  is  silicious,  it  can  be  disengaged  in  this 
manner. 

An  interesting  case,  and  altogether  an  exceptional  one,  is  that 

of    the  preservation  of    fossils  in  the  maher  of    the  Otigocene 

\  period.     This  sutistance  is  resinous,  and  is  secreted  by  a  species 

[,  of   pine  {Pinue  saednifer).    It  was  produced  in  great  aound- 

I  ance  in   such  a  state  of    fluidity  that  it  enveloped  immease 

I  Burabers    of    Insects,    Arachnids    and    Myriopods,    which    are 

I  thus   preserved  with  tbe  minutest  details  of  their  organization. 

I  Amber  forms  important  deposits  in  the  Baltic  provinces,  and  haa 

I  been  worked  there  from  very  ancient  times. 

\     Fossilization  of  plants.—  The    fossilization-  of    plants    takes 

I  place  by  quite  different  processes,  a  fa«t  explained  by  the  diffep- 

'"  ent  nature  of  their  tissues.     Tbe  cells  of  plants  have  their  mem- 

bnincH  formed   uf   cellulose,   eitht.T   pure  or   iin|ir<?<rnat«i    with 

various  substances,  or  even  more  or  less  completely  changed; 

but  only  in  very  rare  cases  is  it  encrusted  with  calcareous  matter 

or  silica  (Algae,  Equistacea).     In  the  surface  of  the  soil,  or  in 

water,   these  substances   decompose,   and   the    plant    gradually 

disappears  unless  it  becomes  fossilized. 

Moulds  of  fossil  plants  are  often  found.  The  plants,  when 
they  fall  on  a  sod  sufficiently  plastic,  make  an  impress  there.  If 
the  vegetable  remains  are  then  removed  and  a  new  deposit  of 
setiiment  a  little  different  takes  its  place  it  will  give  a  mould  in 
relief  of  the  object  that  has  disappeared.  A'ery  frequently,  on 
the  contrary,  the  vegetable  remains  persist  while  the  deposit  goes 
on.  In  this  case  a  double  impression  is  found,  one  concave  and 
one  in  relief.  Between  the  two  it  may  happen  that  no  remnant 
of  the  vegetable  matter  is  left,  but  frequently  also  it  is  trans- 
formed into  a  blackish  substance  rich  in  ulmic  acid,  which,  under 
the  most  favorable  conditions,  preserves  the  structure  of  the  pre- 
existing tissues.  At  other  times,  if  the  surrounding  rock  isporous 
the  vacant  space  left  by  the  decomposition  of  the  organic  matter 
is  filled  by  mineral  substances  dissolved  or  held  in  suspension  in 
the  waters  which  have  penetrated  the  interstices;  this  is  a  phe- 
nomenon identical  with  that  which  we  have  already  considered 
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in  the  case  of  fossil  animals.  The  substance  in  question  is  usually 
carbonate  of  lime ;  sometimes  silicate  of  magnesia^  bisulphide  of 
iron,'  carbonate  of  copper,  etc.,  or  sometimes  of  argillaceous  or 
sandy  particles.  The  fossil  is  found  in  a  much  higher  degree  of 
preservation  when  the  water  holding  in  solution  the  minend  sub- 
stances has  been  able  to  penetrate  into  the  interior  of  the  tissues. 
The  silica,  the  carbonate  and  phosphate  of  lime  fill  all  the  spaces 
made  by  the  cavities  of  the  anatomical  elements.  Such  pNetrifao- 
tion  takes  place  sometimes  in  plants  remaining  still  in  their  plaee 
of  growth,  sometimes  in  their  remains  which  are  transported 
and  accumulated  in  lacustrine  waters  stronely  impregnated  with 
mineral  substances.  In  such  specimens  the  cellular  parts  and 
their  derivatives  are  sometimes  preserved  with  all  their  orna- 
mentation, and  thinly-cut  sections  present  precisely  the  same 
details  as  do  sections  cut  from  living  or  dried  tissues.  If,  on  the 
contrary,  the  fossils  have  been  exposed  to  the  air,  decomposition 
has  more  or  less  completely  destroyed  the  organic  matter,  and 
there  only  remains  a  very  porous  mould  of  the  cavities  of  the  tis- 
sue. In  this  case,  before  making  sections,  it  is  neceesarv  to  fill 
the  cavities  with .  some  fluid  substance  which  will  harden  and 
render  the  specimen  compact. 

Plants  are  often  preserved  in  considerable  quantity  without 
the  agency  of  mineral  matter,  in  the  state  of  lignite^  jiioit  or  ooal. 
These  proaucts  are  made  by  the  incomplete  decomposition  of  the 
vegetable  matter.  The  microBCopic  structure  in  this  case  is  often 
preserved  in  a  remarkable  manner ;  in  order  to  study  this  it  is 
necessary  to  make  thin  <Bections  which  are  cleared  by  chemical 

J  recesses  and  studied  in  transparency  under  the  microscope. 
>etails  concerning  the  technicalities  oi  this  process,  too  compli- 
cated to  be  explained  here,  may  be  found  in  the  works  of  M. 
Kenault  and  others. 
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Development  and  Mode  of  Growth  of  Diplo- 

graptus,  McCoy. 


By  E.  Kubushann. 


In  the  picturesque  gorge  of  the  East  Canada  creek,  near  Dolge- 
ville,  N.  Y.,  is  found,  intercalated  in  typical  black  bituminous 
Utica  slate,  a  very  thin  brown  argillaceous  layer  which  has 
proved  to  be  covered  so  densely  with  the  compound  fronds 
of  Diplograpttbs  Hicedemanni^  Gurley,*  that  those  which  I  have 
obtained  by  taking  off  the  overlying  shale  are  counted  by  hun- 
dreds. Some  very  complete  fronds  of  the  same  species  were 
found  in  a  piece  of  limestone  on  the  talus  of  the  cliff,  appar- 
ently derived  from  one  of  the  limestone  beds  which  are  associ- 
ated  with  the  shale.  The  colonies  from  this  rock  are  especially 
instructive,  because  they  are  not  much  compressed  and  show  the 
formation  of  the  frond  in  relief. 

Since  this  discovery  I  have  given  special  attention  to  the  search 
for  complete  fronds  of  Graptolites,  for  such  have  been  described  by 
Prof.  James  Hall  from  the  Quebec  epoch  {Monoprionidce).  I  was 
rewarded  by  finding  another,  unfortunately  only  temporary, 
exposure  in  the  Utica  slate  at  Dolgeville,  which  was  very  rich 
in  compound  fronds  of  Diplograptua  pristisy  Hall.  The  fossils 
of  both  localities  are  in  such  good  state  of  preservation  that  they 
reveal  many  facts  regarding  the  organization  and  development 
of  Graptolites. 

Until  the  classical  memoir  of  Prof.  Hall  on  the  Graptolites  of  the 
Quebec  group,  only  simple  linear  stipes,  or  stipes  which  differed 
little  from  the  linear  ones,  were  known.  Hall  made  us  acquainted 
with  numerous  species,  the  fronds  of  which  are  connected  in  the 
center  by  a  common  stem,  the  "fdniole,"  from  which  they 
branch  by  bifurcation.  The  simplest  forms  with  the  funicle  have 
four   stipes.     Continued   dichotomy  of  the  four   branches  pro- 

•  This  form,  which  the  author,  In  a  preliminary  note  (cf.  The  American  Journal  of  Science,  1895, 
Tol.  XLIX,  p.  453)  ha<l  Meutilled  as  Diplofjraptus  priMini/ormia,  Hall,  has  been  since  described  as  a 
new  species  by  R.  R.  Uiirley  u'f.    The  Journal  of  Geology,  18%,  vol.  IV,). 
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duced  at  first  eight  branches,  as  io  Diehograptiia  ootolraohiatua^  | 
Hall,  sp.,  and  then  16-32  stipes  as  in  Loganograpius.  la  a  fona-.J 
from  the  Iludsoa  Kiver  group,  Hall  counted  as  many  as  40  stipflffl 
branching  from  a  common  funicle.  I 

In  all  species,  except  some  of  the  four  stiped  ones,  the  bases  of  1 
the  stipes  were  found  to  be  united  by  "  a  more  or  less  expanded  I 
disc  or  cup  of  the  same  substance  as  the  body  of  the  GraptoUtes."  I 
Hall  called  it  the  "cknteai.  disc"*     It  is  described  as  a  thicttl 
corneous  test,  which,  in  the  simple  forms,  is  quadrangular,  nearly  I 
square,  with  straight  margins,  sometimes  extended  along  the  I 
margins  of  the  stipes,  as  if  to  give  strength  and  support  to  the  1 
bases  of  the  stipes.     In  forms  with  eight  branches,  liali  found  J 
an  octangular  central  disc,  and  in  higher  forms  it  becomes  a  I 
round  disc.    This  lieen-eyed  observer  found  also  that  the  central  I 
disc  is  composed  of  two  lamina  which,  at  least  in  the  centrai  I 
portion,  are  not  conjoined  ;  the  spaces  between  the  two,  he  sup-  1 
poses  to  have  been  filled  by  some  soft  portion  of  the  animal  body.    I 
We  may  still  add  that  Hall  observed  that  the  bifurcation  always  J 
takes  place  within  the  central  disc ;  that  the  disc  is  not  uniform  J 
in  its  proportions;  that  it  dees  not  always  appear  to  bear  thsl 
same  proportions  to  the  strength  of  the  stipes;  and  that  it  ia  f 
often  slriatcd  parallel  to  the  margins,  wliicii  am  thinner,  the  sub- 
stance attenuating  from   the  center.     This  is  about  all  that  is 
known  of -the  central  disc,  for,  since  Hall,  4u  years  ago,  was 
able  to  make  his  observations  on  the  Quebec  Graptolites,  and  to 
give  us  a  picture  of  the  perfect  form  of  some  of  these  tiny  fossils, 
only  few  species  which  show  such  a  growth  have  been  found,  and 
these  did  not  furnish  any  new  facts  regarding  the  composition 
of  the  frond. 

The  genera  which  are  known  to  have  grown  in  compound 
colonial  stocks  belong  to  the  Monoprionidas  with  single  rows  of 
thecse,  except  two,  i.  e.,  Phyllograptus  typus,  Hall,  with  four 
united  basal  stipes,  and  BetiogTaptua  eucharia,  Ilall,  from  Blue 
Point  Lake,  St.  John,  in  which  the  stipes  are  united  by  "slender 
basal  extensions"  without  the  presence  of  a  central  disc.  The 
occurrence  of  a  compound  frond  in  this  abnormal  genus  is 
especially  interesting. 

The  genus  Diplograplua,  however,  has  hitherto  been  regarded 
as  producing  only  simple  stipes,  because  some  species  which  are 
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found  in  countless  multitudes  in  shales  on  both  hemispheres  only 
appeared  in  single  stipes.  The  specimens  which  I  have  found 
show  that  this  genus  also  grows  in  compound  fronds.  The 
extension  of  the  axis  at  the  growing  end  of  Diplograpttis  has 
presented  unsurmountable  difficulties  to  the  efforts  of  explana- 
tion.  The  corneous  cup  which  was  observed  by  Nicholson*  on 
CUmacograpttcs  hicomisy  Hall,  the  vesicular  dilatations  of 
Diplograjptua  physophora^  Nich.,  and  of  Diplograptua  prUtiSy 
Hall,  are  at  the  sicular  end  and  are,  therefore,  other  organs 
than  the  central  disc  from  which  the  stipes  branch.  Neither  can 
the  prolonged  vesicle  in  the  antisicular  prolongation  of  the  axis 
of  DiplograptuB  vesiculosusy  Nich.,  be  compared  with  the  central 
disc. 

General  Form  of  the  Frond. 

Typical  views  of  the  complete  fronds  are  given  in  PL  I,  fig.  J, 
D.pristis,  Hall,  and  in  PI.  I,  fig.  2,  oi  D.  Hicedemanniy  Gurley, 
As  figure  1  shows,  there  are  in  a  frond  stipes  of  very  different 
lengths.  In  this  specimen,  in  which  some  of  the  stipes,  seem 
from  their  dimensions,  to  have  attained  their  full  growth,  we 
notice  stipes  of  three  different  lengths.  Four  stipes,  lying  in  two 
diameters,  perpendicular  to  each  other,  are  the  longest.  They 
are  accompanied  on  each  side  by  shorter  ones.  Stipes  of  about 
the  same  length  as  the  latter  bisect  the  right  angles.  Between 
the  others,  we  find  the  shortest  stipes  in  varying  number.  The 
original  specimen  for  figure  1  has  26  stipes;  but  fronds  with  as 
many  as  40  stipes  have  been  found,  in  which  most  of  them  have 
reached  the  normal  length.  Very  often  we  find  fronds  with 
only  one  or  a  few  stipes  of  the  first,  and  numerous  stipes 
of  the  third  length.  It  is  probable  that  these  very  different 
lengths  of  the  stipes  in  the  frond  indicate  different  age  and  not 
that  it  grew  out  as  a  whole,  thus  maintaining  always  the  same 
proportions  in  the  stipes,  as  Dr.  O.  Herrmannf  asserts  in  regard 
to  the  frond  of  the  compound  MonoprionidaB. 

The  number  of  stipes  of  D.  pristis^  Ilall,  is  considerably 
greater  than  that  of  D,  lined emanniy  Gurley ;  the  former 
showing  between  20  and  4*>,  the  latter  only  about  12  stipes. 
The  fronds  of  1).  pristis,  Hall,  therefore,  are  usually  crowded 

♦Ann.  and  Mag.  of  Nat.  HlHt.,  IStW,  vol.  I,  p.  Sf). 

♦  On  the  Qraptolltlc  Family  DU-hograpticUr  Lapw.,  Tho  Geol.  Magazine,  1886,  p.  13. 
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r  with  stipes,  the  same  covering  each  other,  while  thoBe  of  D,  I 
[   Sueilemanni,  Gurley,  appear  rather  plain.  1 

The  Funicle  and  the  Central  Disc.  I 

In  all  known  compound   fronds,  where  the  branches  radiat«  1 

from  a  center,  their  bases  are  connected  by  a  common  branchL  1 

which  has  been  termed  by  Hall  the  "  funicle."     He  found  that  I 

I  this  connecting  stem  within  the  points  of  bifurcation  is  not  eel-  I 
luliferous,  more  cylindrical  and  apparently  more  solid,  the  test  J 

I  being,  probably,  thicker  and  the  common  canal  less  dereloped  I 
than   in   the   other  parts   of  the  axes.     The  figures  of  Hall  and  I 

'  Herrmann  represent  the  funicle  as  a  short  cylindrical  body,  I 
slightly  thicker  than  the  axes  of  the  branches  Only  in  OrwptO'  4 
tithes  octonarius.  Hall,  we  see  a  small  expansion  of  the  funicle  and' J 

I  a  small  round  node  called  a  "rootlet,"  by  Hal!.  I 

,       The  funicles  of  the  two  Diplograptida;  appear,  if  strongly  com-  I 

I  pressed,  as  small,  oblong,  black  spots  with  round  ends,  from  which  I 
moat  axes  spring  (cf.  PI.  I,  figs.  1,  9 ;  PI.  If,  figs  3,  4) ;  in  a  few  J 

1  oases  they  are  extended  to  cylinders,  similar  to  those  described  by^ 
Hall.  In  some  specimens,  however,  the  funicle  is  bo  well  preserved 
that  I  have  been  able  to  make  out  its  finest  details  (cf.  PI.  I,  figs. 
4,  fi).  By  these  it  is  made  evident  that  the  funicle  of  Diplograp- 
tus  was  a  chitinous  vesicle,  tapering  to  the  two  opposite  initial 
points  of  the  main  bundles  of  axes  (PI.  I,  fig,  ft).  Vertically  to 
this  main  extension,  where  two  other  bundles  leave,  the  funicle  is 
more  or  less  expanded,  sometimes  so  much  as  to  appear  quadran- 
gular (PI.  I,  fig.  4).  In  the  excellent  specimen  represented  in  PI. 
I,  fig.  4,  and  PI.  II,  fig.  3,  the  funicle  is  burst  open  and  the  inside 
of  the  almost  square  base  becomes  visible.  The  pits,  scattered  all 
over  it,  apparently  lead  into  axes.  The  chitinous  test  must  have 
been  very  solid,  as  the  excellent  state  of  preservation  of  this  small 
organ  proves.  The  latter  attracts  attention  by  its  deep  black 
color  in  compressed  fossils  and  by  its  strong  sculpture  in  speci- 
mens preserved  in  relief. 

The  funicle  has  been  found  to  be  surrounded  by  a  more  or  less 
expanded  chitinous  disc  or  cup,  the  "central  disc,"  of  Hall.  We 
have  observed  that  Hall  regarded  this  organ  as  formed  of  two 
laminae.  He  finds  it  obviously  adapted  to  give  strength  and 
support  to  the  bases  of  the  stipes,  as  in  some  forms  it  extends 
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along  the  axes,  but  suggests,  at  the  same  time,  that  it  may  have 
served  still  other  purposes  of  the  animal  economy.  In  concord- 
ance with  the  first  supposition  is  his  observation  that  the 
central  disc  is  found  where  the  divisions  at  the  base  become  more 
numerous,  while  it  is  absent  in  some  of  the  f ourstiped  forms ; 
but  on  the  other  hand,  its  "  greater  or  less  development  is  not 
always  corresponding  to  the  size  and  extent  of  the  stipes." 
Huxley  has  compared  this  organ  with  the  basal  plate  of  Defran- 
day  a  Bryozoan,  while  Nicholson  thinks  it  to  be  homologous  to 
the  "  float  or  pneumatocyst "  of  the  PhyaophoridiBy  an  order  of 
the  SiphonopJiora, 

The  central  disc  of  the  two  species  of  Diplograptvs  which  I 
have  before  me  appears  as  a  nearly  square  chitinous  plate,  some- 
times drawn  out  a  little  at  the  corners.  It  is  relatively  small  in 
regard  to  the  diameter  of  the  whole  colony,  but  must  have  been 
a  very  strong  and  solid  organ  as  it  is  mostly  distinct,  even  in 
poor  specimens,  where  other  organs  can  not  be  distinguished. 
That  this  plate  is  formed  by  two  laminsB  is  demonstrated  by 
such  specimens  as  reproduced  in  PL  I,  figs.  4,  6,  8;  PI  II, 
fig.  4,  where  the  raised  edges  aad  the  depressed  middle  part  of 
the  organ  prove  that  it  has  been  burst  open.  Especially  in  the 
specimen  represented  in  fig.  8,  the  central  disc  is  pref^erved  so 
distinctly  in  relief  that  it  can  easily  be  studied  with  the  naked 
eye.  It  is  here  a  deep  concave  chitinous  trough,  inside  of  which 
lie  the  funicle  and  the  bases  of  the  branches.  In  PL  I,  fig'.  4, 
we  are  able  to  see  that  the  axes,  which  here  give  unmistakable 
evidence  of  having  been  canals,  pierce  the  vesicle  which  incloses 
the  funicle.  Where  the  central  disc  is  not  broketi,  as  in  PI  I, 
fig.  7,  its  upper  side  is  convex.  Funicle  and  central  disc  have 
in  our  species  similar  forms,  parallel  margins  and  their  diagonals 
coincide ;  the  funicle  is  always  distinctly  inclosed  in  the  central 
disc. 

The  form,  solidity  and  connection  of  the  central  disc  with  the 
stipes  agree  with  Hall's  suggestion  that  this  organ  served  to 
support  the  bases  of  the  stipes.  It  was  also  certainly  a  protec- 
tion to  the  funicle,  but  probably  these  were  not  its  only  func- 
tions. Nicholson's  supposition  that  it  was  a  ''  float"  seems  very 
acceptable  indeed,  if  we  regard  the  large  central  discs  of  some 


321 


Kepokt  of  the  State  Geologist. 


of  the  Quebec  forms  or  of  Dichogra^ius  Kjerulji,  Herrmaniij 
from  the  Norwegian  Phyllograptus  shales ;  but  the  central  discs 
of  the  two  species  of  I>iphffraphi«  soem  to  me  to  be  relatively 
much  too  small  to  carry  the  whole  colony,* 

The  Basal  Cyst. 
In  a  preliiQtnary  notet  a  basal  organ,  appearing  in  moBt  fossils 
only  as  a  subqnadrate  impression,  has  been  described  as  a  "  pnevh 
matocyst."  The  latter  is  often  so  large  as  to  overlap  the  oti 
central  parts  and  even  the  proximal  ends  of  the  rhabdosome^ 
It  appears  only  as  an  impression  in  specimens  which  have  tho! 
central  disc  and  funicle  well  preserved  as  chitinous  bodies  (at, 
VI  I,  figs.  6,  7,  8,  10;  PI.  II,  figs.  1,  2,  3,  5);  in  very  fair  spect* 
mens  it  exhibits  only  a  filiform  chitinous  border,  while  in  a  fenT 
(cf.  PI.  Ill,  figs.  9,  19)  the  test  itself  is  visible.  It  must  be  in- 
ferred from  these  observations  timt  the  test  was  comparatively 
thin.  The  impressions  or  the  scant  remains  of  the  ]>eridentt 
would  naturaily  not  have  been  sufficient  to  be  made  the  object' 
of  a  description  if  there  had  not  come  under  observation,  in  a 
number  of  specimens,  large  prominences  which  show  that  the 
organ  consisted  of  two  segments  resting  in  the  middle  on  both 
sides  of  a  Kubi|i!adrale  base.  Tliis  base  is  formed  by  a  neatly  fur- 
rowed plate  represented  in  PI.  II,  fig.  1.    The  prominences  con- 
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sist  of  shale  and  are  apparently  the  casts  of  large  vesicles.  In 
the  original  of  PI.  II,  fig.  2,  a  smooth  segment  projecting  from 
the  center  of  the  colony  is  visible ;  in  the  specimen  represented 
on  PI.  I,  fig.  10,  a  plate  is  visible,  which  has  a  diameter  of  6  mm., 
and  is  raised  in  the  middle  to  about  1  mm.  Figure  7  (PI.  II)  is 
taken  from  a  specimen  in  which  the  cyst  is  broken  out,  leaving 
only  its  outline  and  a  wide  pit.  The  central  organs  are  visible 
at  the  bottom  of  the  pit,  while  the  rhabdosomes  proceed  from 
the  base  of  the  little  projection  of  sediment.  It  must  be  inferred 
from  this  and  other  specimens  that  the  vertical  order  of  the 
organs  was  as  follows ;  basal  cyst,  gonangia  and  rhabdosomes, 
both  of  the  latter  proceeding  from  the  central  disk  and  enclosed 
funicle. 

Whether  the  large  vesicle  was  the  upper  or  undermost  of  the 
organs  is  a  problem  of  great  interest  on  account  of  its  bearing  on 
the  question  of  the  function  of  that  organ.  The  fact  that  most 
specimens  found  on  the  surface  of  the  shale,  show  it  only  as  an 
impression,  while  on  the  original  of  PI.  I,  fig.  10,  which  was 
taken  from  the  under  side  of  the  Graptolite- bearing  layer,  it  is 
preserved  in  relief,  led  the  writer  to  the  conclusion  that  it  repre- 
sents the  topmost  part  of  the  colony.  This  conclusion  and  the 
fact  that  the  vesicle  is  often  found  filled  with  sediment,  and, 
therefore,  may  have  been  hollow,  have  suggested  the  comparison 
of  the  vesicle  with  a  "  float,"  such  as  certain  Siphonophora^  viz., 
the  DisGoidew^  p  ssess. 

There  are  other  observations  which  would  seem  to  be  in  con- 
cordance with  the  assumption  that  the  colony  of  Diplograptus 
had  a  floating  habit : 

1.  The  extreme  length  and  thinness  of  the  hydrocaulus  in  cer- 
tain specimens  of  Diplograptus  In  the  State  Museum  at  Albany, 
N.  Y.,  the  writer  has  observed  a  rhabdosome  of  Diplograptus 
with  a  length  of  4  cm.  and  a  breadth  of  3  mm.,  while  the  hydro- 
caulus has  a  breadth  of  only  O.I  mm.  It  is  difficult  to  imagine 
how  such  an  extremely  thin  stem  could  have  supported  the  long 
and  broad  rhabdosome  in  any  other  than  a  suspended  position.* 

•  Carl  Wlman  (cf.  leber  «lle  Graptollten,  Bulletin  of  the  Geol.  Instlt.  of  Upsala,  No   4.  Vol.  II,  Part 
2,  1895,  p.  CS)  has  polute<l  out  that  iho  virgula  could  have  served  only  to  strengthen  the  rhabdosome. 
This  rod  extended  also,  as  will  be  shown  later.  Into  the  hydrocaulus.    An  effort  at  strengthening  the 
latter,  however,  is  strongly  suggestive  of  a  sessile  mode  of  life  of  the  colony. 
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I  2.  If  the  colonies  were  sessile,  one  would  expect  to  find  in  tbe 
I  great  number  of  colonies  observed,  some  at  least  attached  to 
I  ahells,  pebbles,  etc.,  for  the  colonies  would  probably  have  prft- 
[  ferred  fixation  to  foreign  bodies  to  a  mooring  in  the  soft  ooze, 
I  as  do  the  recent  Sertularians.* 

[      3.  The  wide  horizontal  distribution  of  the  Graptolites  and  their 
t  limited  vertical  range  has  made  them  the  basis  of  a  very  detailed 
I  and  persistent  division  into  zones  of  the  Cambrian,  Ordovician 
V  and  Silurian  strata  such  as  only  the  widespread  Ammonites  have 
[  famished  in  other  ages.     Barroisf  accounts  for  this,  as  well  ag 
[  lor  their  distribution  in  shale,  sandstone  and  limestone,  by  their 
I  having  been  floating  organisms  at  an  early  stage.    The  writer 
i  has  observed  a  few  specimens  which  seem  to  indicate  a  Qoating 
I  habit  in  the  sicuIeb,     One  of  these,  reproduced  in  PL  III,  Hg.  2  , 
I  shows  two  siculio  which  give  the  impression  of  having  been  ar- 
I  rested  by  the  hydrocaultis,  the  surrounding  surface  of  the  slab 
r  being  free  from  siculx.     But  if  the  siculs  floated,  the  colonies 
I  most  probably  lloated  also,  as  there  has  not  been  found  any 
I  ohange  in  the  development  of  Diphgraplus  which  would  indi- 
I  oate  a  change  in  the  mode  of  life  of  these  organisms. 
I       On  account  of  these  observations,  the  writer  held  the  opinion 
which  he  expressed  in  the  preliminary  note,  that  Diplograptua 
was  a  floating  colony.     A  short  time  ago,  however,  a  discovery 
was  made  which  shows  evidence  not  compatible  with  a  floating 
mode  of  life.    The  specimen  is  a  large  slab  exhibiting  at  one  end 
upward  of  a  hundred  colonial  stocks  of  D.  liuedemanni.     The 
latter  are  all  in  a  fair  state  of  preservation,  spread  out  regularly, 
about  equally  distant  from  each  other  and  arranged  in  a  well- 
de&ned  area,  outside  of  which  only  a  few  broken  rhabdosomes 
are  found  (cf.  PI,  V,  which  is  a  representation  of  part  of  the 
slab).     The  improbability   of  such  an  array  of  nicely  ordered, 
apparently  undisturbed  stellate  groups  having  been  drifted  to- 
gether, is  obvious. 

It  is  further  worth  mentioning  that  most  of  those  colonial 
stocks  which  show  only  the  central  disc  and  funicle,  are  sunken 
in  the  center,  a  feature  which,  it  seems,  could  be  easily  explained 
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by  assuming  that  the  sediment  which  gathered  aroond  the  cen- 
tral organs  and  under  the  ascending  rhabdosomes,  caused  the  lat- 
ter to  be  buried  finally  at  a  somewhat  higher  level  than  the 
central  disc.  This  explanation,  however,  presupposes  that  the 
central  parts  were  attached  to  the  ground.  There- have  also  been 
observed  quite  a  number  of  siculaa,  the  basal  appendages  of  which 
lie  in  another  level  of  the  matrix  and  appear,  therefore,  on  the 
surface  of  the  slabs  in  a  pit  or  on  a  little  node. 

The  argument  has  been  repeatedly  advanced  that  because  of  their 
rigidity  the  Graptolites  can  hardly  have  been  adapted  to  a  pelagio 
mode  of  life.  The  profuse  occurrence  of  broken  rhabdosomes  of 
IHplograptna  throughout  the  Utica  slate  is  sufficient  proof  that 
the  hydrocauli  and  rhabdosomes  of  Diplograptus  possessed  only 
a  very  slight  flexibility.  Such  a  lack  of  flexibility  must  have 
endangered  the  colonies  wherever  the  water  was  moved.  But 
there  must  have  been  motion  in  the  depths  in  which  the  sedi- 
ment constituting  the  Utica  slate  settled,  for  the  broken  rhabdo- 
somes on  most  slabs  lie  in  a  parallel  direction  ;  hence  the  relative 
scarcity  of  entire  colonial  stocks  in  comparison  with  the  enormous 
multitudes  of  broken  rhabdosomes.  The  two  localities  near 
Dolgeville  which  furnished  the  colonies  of  the  two  species  of 
Diplograptus  would  then  represent  areas  which  were  free  of  dis- 
turbing  bottom  currents  at  the  time  of  the  formation  of  the  thin, 
colony-bearing  intercalations. 

If  the  colonies  of  Diplograptus  were  indeed  moored  in  the 
mud,  the  organ  which  I  compared  with  Hall's  central  disc,  would 
have  been  much  too  small  to  serve  as  an  apparatus  for  fixation. 
The  question  of  the  means  of  fixation  and  the  function  of  the 
vesicle  described  in  this  chapter  and  termed  the  "  basal  cyst," 
would  arise.  May  the  latter,  perhaps,  not  have  been  the  top- 
most part  of  the  colony,  as  supposed  by  the  writer,  and  the  ver- 
tical order  of  organs,  from  below  upwards,  have  been  ;  basal  cyst, 
gonangia,  rhabdosomes?  May  it,  further,  have  been  a  con- 
trivance, which,  by  being  buried  in  the  detritus,  served  to  pro- 
cure that  stability  for  the  colony  which  otherwise  only  a  large 
disc  like  the  central  disc  of  the  Monoprionidce  could  have  pro- 
vided on  the  soft,  loose  ooze?  Since  the  discovery  above  men- 
tioned, the  writer  has  not  had  opportunity  to  study  the  material 
of  Diplograptus  so  thoroughly  with  reference  to  this  problem 
as  will  be  necessary. 
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The  Gomanoidm. 

Among  tho  complete  colonies  of  D.  pristia,  Hall,  found  in  the 
khftlni  I  Imitjiened  to  uotice  one  of  more  than  cotumon  interest. 
It  \n  a.  mtlier  small  specimen,  the  rhabdofiomes  of  which  are  very 
■hurt,  but,  although  much  compressed  in  the  rock,  it  reveals  all 
tle'iiilti  with  remartcable  clearness.  Moreover,  the  chitinous  sub- 
Blancu  remains  on  both  slabs ;  the  exact  observation  of  each 
detail  can,  therefore,  be  tested  by  the  counterpart. 

This  specimen,  one-half  of  which  is  represented  in  PI.  I,  fig.  5, 

iOW8,  besides  five  rhabdosomes  and  a  very  small  central  disc, 
oval  group  of  siculse  (g),  all  of  which  have  their  broad  ends 
iirected  outward.  The  proximal  ends  of  the  siculte  radiate  from 
m  axial  club-shaped  projection,  which  is  surrounded  by  a  groove. 
The  iuisal  sieulis  are  very  distinct  and  well  developed ;  thej  make 
their  connection  by  thin  hair-like  processes,  such  as  are  observed 
on  well-preserved  detached  gicuhe.  Toward  the  distant  end  of 
the  group  they  become  more  crowded  and  apparently  smaller. 
On  the  siciilfe  lies  a  thick  oval  chitinous  ring,  which  forms  the 
margin  on  one  side  of  the  group,  whereas,  on  the  other  side,  it 
overlies  the  siculfe.  It  is  apparently  the  remainder  of  the  capsule 
which  inclosed  the  siculse  and  burst  in  becoming  compressed, 
allowing  the  siciil;i'  to  bo  pressed  out. 

There  is  no  doubt  that  we  have  here  an  organ  in  which  the 
siculic  originated,  the  detaih  all  being  so  clear  that  they  can  be 
seen  by  the  naked  eye.  After  this  discovery  I  searched  all  com- 
pound fronds  in  my  possession  for  these  organs,  and  was  rewarded 
by  finding  them  in  numerous  colonies,  both  of  D.  2>rist{s,  Hall, 
and  of  D.  liuedemanni,  Gurlej', 

One  of  the  best  specimens  observed  is  represented  in  PI.  I, 
fig.  8.  It  is  especially  interesting,  because  the  "gonangia,"  as 
these  organs  are  provisionally  termed,  are  very  large  (they 
have  a  diameter  of  4  mm.)  aud  because  the  fossil  is  not 
so  much  compressed  bqt  preserved  in  relief.  It  is  a  compound 
frond  of  D.  pristis,  Ilall,  the  rhabdosomes  of  which  are  mostly 
crowded  on  one  side.  In  a  deep  pit  in  the  center,  we  notice  the 
base  of  the  chitinous  central  disc  with  the  funicle.  Around 
the  central  disc  there  are  four,  subcircular  remains  of  gonangia, 
which  are  as  distinct  as  the  rhabdosomes.  In  the  center  of 
the  gonangia,   projecting  on  three  sides,  are   round   nodes,  on 
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the  fourth  (right-hand  side)  is  a  correspondiDg  impression. 
They  are  surrounded  by  a  deep  furrpw,  from  which,  in  one  of  the 
gonangia  (g),  the  surface  rises  in  a  projecting  ring.  The  latter 
is  apparently  the  section  of  a  central  vesicle  which  did  not  con- 
tain any  solid  substance  at  the  time  of  the  burial  of  the  colony, 
therefore  has  been  filled  with  sediment  and  is  now  preserved  as 
the  solid  central  node,  whereas  the  test  of  the  vesicle  became 
flattened  and  separated  from  the  matrix.  Outside  the  central 
node  we  see  radiating  sioulsd.  Kear  the  left  gonangium  is  a 
group  of  impressions  of  siculsd  which  apparently  sprung  from  it. 
The  right  gonangium  shows  radial  and  concentric  wrinkles,  the 
former  of  which  are  probably  impressions  of  siculse,  the  latter 
may  have  been  wrinkles  of  the  gonangial  test. 

Another  specimen  which  aids  essentially  in  obtaining  a  com- 
plete conception  of  these  organs  is  reproduced  in  PI.  I,  fig.  9.  It 
shows  seven,  more  or  less  oval,  not  very  distinct  impressions  of 
•gonangia,  and  is  remarkable  for  the  multitude  of  siculsd  covering 
the  slab  in  the  near  neighborhood  of  the  center.  The  position 
of  these  siculsd  gives  evidence  that  they  came  from  the  center  of 
the  colony,  and  were  apparently  set  free  shortly  before  the  bury- 
ing of  the  colony  by  sediment. 

I  have  before  me  a  great  number  of  complete  colonies  with  dis- 
tinct gonangia.  The  number  of  the  latter  organs  ranges  from 
four  to  eight,  the  majority  of  the  hydrosomes,  especially  the 
younger  ones,  bearing  only  four  gonangia. 

In  older  colonies  the  chitinous  test  is  rarely  distinctly  perceptible 
because  of  the  crowding  of  the  hydrocauli  and  rhabdosomes 
toward  the  center.  Only  in  specimens  like  that  represented 
in  PI.  II,  fig.  4,  where  the  parts  above  the  gonangia  are 
broken  away,  are  the  test  and  form  of  the  gonangia  clearly 
visible.  Young  colonies,  in  which  the  center  is  less  obscured  by 
overlying  rhabdosomes,  show  the  still  closed  gonangia  as  oval, 
concentrically  wrinkled,  chitinous  plates,  (of.  PI.  Ill,  figs.  15g, 
20g,  21g,  and  the  chitinous  rings  in  fig.  24,  which  probably  are 
remains  of  gonangia.) 

Some  specimens  of  D.  Evsdemanni^  (PI.  II,  fig.  8g),  show 
a  very  nice  preservation  of  the  form  of  the  gonangia.  The 
proximal  parts  of  the  rhabdosomes  are  covered  by  round  plates 
which  have  somewhat  raised  edges  and  a  lighter  color  than  the 
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i  surrounding  rock,    Thej  consist  of  compresBed  sediment  of  finer 
grain    than    the  matrix.      The    sediment    apparently    entered 
[  the  space  between  the  gonangia  and  the  Btipes  and  preserved 
I  thus  the  impressions  of  the  gonangia. 

i  An  indication  of  the  original  form  of  the  gonangium  in  its 
I  Uncompressed  state  is  given  by  a  very  excellent  specimen  (PI.  I, 
[  fig.  3),  where  the  gonangia  left  deep,  almost  globular  pits,  which 
I  the  eye  can  not  faU  to  see  in  looking  at  the  frond-covered  slab. 
I  These  impressions  suggest  a  globular  form  of  the  gonangia,  an 
I  indication  which  is  confirmed  by  a  frond  on  a  piece  of  limestone 
I  (PL  II,  fig.  2)  from  the  debris  of  the  cliff  which  furnished  the 
I  fronds  of  B.  B^iedemanni.  The  piece  comes  from  a  layer  of 
I  limestone,  interpolated  in  the  shale.  The  fossil  shows  two 
\  gonangia  preserved  as  solid  globular  project!  tns. 
I  Observations  as  to  the  proximal  end  of  the  gonangia  could  be 
I  made  in  only  a  few  specimens. 

[  From  the  originals  of  PI,  I,  figs.  5  and  8,  we  might  infer, 
that  the  gonangia  were  connected  with  the  hydrosome  by  the 
^.central  vesicles.  An  excellent  insight  into  the  construction 
\  of  the  gonangia  and  their  connection  with  the  hydrosoma  is 
I  given  by  the  original  of  PI.  II,  fig.  4,  Three  gonangia  are  visible 
as  deep  impressions  of  dark  color,  from  the  bottom  of  which  rise 
club  shaped  projections.  The  proximal  ends  of  the  latter  are 
connected  by  a  disc,  which  overlaps  also  part  of  the  funicle. 
Both  the  projections  and  the  disc  are  not  chitinous,  but  consist 
of  shale.  Therefore  they  are  fillings  of  hollow  organs,  the  test 
of  which  has  not  been  preserved.  The  disc  is  apparently  the 
filling  of  a  tubular  organ  from  which  the  gonangia  radiated,  its 
cavity  being  directly  connected  with  the  central  vesicles  of  the 
gonangia.  The  tube  itself  was  apparently  connected  with  the 
central  disc  and  funicle,  and  by  this  with  the  system  of  somatio 
cavities. 

The  result  of  the  study  of  all  these  specimens  is  that  there  were 
in  the  species  D.  pristis  and  Ruedemanni,  around  the  center  of 
the  compound  frond,  globular  or  oval  vesicles,  numbering  from 
four  to  eight  or  more,  the  test  of  which  was  horny. 

Each  vesicle  inclosed  a  capsule  varying  from  oval  to  club- 
shaped,  which  had  a  rather  solid  test  and  did  not  contain  any 
obstruction  to  its  being  filled  by  the  sediment.    But  the  most 
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important  fact  is  that  the  vesicles  contained  the  so-called  ^^  sicukd.'^ 
Since  J.  Hall  discovered  these  tiny  fossils  and  demonstrated  that 
they  are  the  initial  points  of  the  growth  of  the  rhabdosomes, 
there  has  been  no  donbt  that  they  represent  a  very  yoong  growth- 
stage.  It  is,  therefore,  obvions  that  the  described  vesicles  are 
reproductive  organs. 

It  remains  now  for  ns  to  see  how  they  compare  with  the  repro- 
ductive organs  of  the  Sertularians,  which  have  been  regarded  as  the 
living  relatives  of  the  Graptolites.*  A  glance  at  the  reproductive 
organs  of  the  Bydrozi^a  is  sufficient  to  demonstrate  the  great 
similarity  between  them  and  those  of  the  two  Diplograptidss.  . 
The  gonophores  and  sporosacs  of  the  Hydrozoa  appear  in  just 
such  verticils  of  spherical  or  oval  vesicles  as  the  gonosome  of  the 
two  Graptolites,  and  they  contain  in  the  ^^  spadix  "  an  organ  simi- 
lar to  the  central  vesicles,  from  which  the  sicul»  radiate.  But 
the  gonophores,  which  directly  produce  the  generative  elements, 
are  only  covered  by  a  thin  pellicle^  and  are  found  only  in  those 
Hydrozoans  which  have  a  thin,  not  chitinous  perisarc ;  whereas 
the  Sertularians,  like  all  those  Hydrozoans  which  are  provided 
with  protective  receptacles  for  the  hydranths,  inclose  their  sexual 
buds,  the  gonophores  or  sporosacs,  again  in  peculiar  homy  recep- 
tacles, the  gonangia.  The  latter  are  mostly  oval  capsules,  formed 
by  a  layer  of  ectoderm  which  secretes  an  external  chitinous 
investment,  that  varies  greatly  in  thickness.  '^  In  every  instance," 
says  Allmann,  ^'  where  a  gonangium  exists  the  hydranths  also  are 
protected  by  a  hydrotheca,  while  the  absence  of  a  gonangium  is 
always  associated  with  the  absence  of  a  hydrotheca."  As  we 
have  in  our  Graptolites,  just  as  in  the  SerhUarianSj  chitinous 
thecaB  and  also  a  chitinous  gonosome,  we  must  term  their 
reproductive  organs  "  gonangia."  The  gonangium  of  the  Sertu- 
larians contains  a  cylindrical  column,  the  "  blastostyle,"  bearing 
the  gonophores  as  buds  upon  its  sides,  and  being  generally 
expanded  at  its  summit  into  a  conical  plag  or  disc  by  which  the 
gonangium  is  closed.  We  have  a  very  similar  organ  in  the  club- 
shaped  hollow  central  vesicle  of  the  gonangia  of  Diplograptus. 

*Ct.  George  J.  Allmann:  A  Monograph  of  the  Symnoblastldee  or  Tubular  Hydrolds.  Vols.  I  and 
II.,  1872. 

a.  J.  Allmann:  Report  on  the  Hydroldea  of  the  Gulf  Stream.  Museum  of  Ck>mp.  Zoology,  Hanrard 
College.    Vol.  V,  18877. 

Challenger  Reports.    Hydroldea,  by  Prof.  G.  J.  Allmann. 
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It  is  true  it  does  not  show  the  conical  plug  or  disc  on  top,  but 
neither  is  this  always  present  in  the  recent  Sertularians, 

I  have  not  been  able  to  find  how  the  gonangia  opened.  The 
clusters  of  siculie  which  appear  on  young  colonies  (PL  III,  figs. 
15,  16,  17,  ail)  lead  to'  the  supposition  {as  we  shall  see  more 
extensively  later)  that  the  basal  sicul*  remained  attached  to  the 
colony,  while  the  more  distal  ones  were  detached.  This,  in  its 
turn,  would  suggest  an  opening  at  the  top  of  the  gonangium. 

The  gonangia  of  Dlplograptus  resemble  in  all  more  important 
features,  i.  e.,  the  shape  of  the  gonangium,  the  substance  of  the 
periderm,  tire  possession  of  a  blastostyle,  its  shape  and  position, 
the  gonangia  of  the  Ssrtularians  so  closely  that  we  must  regard 
not  only  the  possession  of  these  organs  but  also  their  structureaa 
arguments  for  the  hydrozoan  nature  of  the  Graptolites. 

Gonangia  were  described  as  long  ago  as  1859,  when  J.  Hall  pub- 
lished his  fundamental  researches  on  the  Graptolites  of  the  State 
of  New  York.  (Geol  of  the  State  of  N.  Y.  Pal.,  vol.  Ill )  The 
author  describes  stipes  of  Diplograplua  Whitfddi,  Hall,  bearing 
appendages,  which  are  i-egularly  or  alt-rnately  arranged  in  two 
opposite  rows  on  the  stipe,  the  thecie  being  suppressed  or 
the  vesicles  proceeding  from  their  axila.  The  appendages  appear 
at  first  as  buds  of  oval  shitpe,  which  become  lattr  on,  apparently 
by  dehiscence  or  decomposition  and  absorption,  irregulary  trian- 
gular. They  have  scarcely  any  substance  except  a  filiform 
border.  Although  there  are  upon  the  surface  of  the  slate,  where 
these  bodies  occur,  numerous  sicute,  no  germ  could  be  found 
within  a  sac,  and  only  one  apparently  attached  to  such  an  append- 
age. Hall  compared  them  with  the  gonangia  of  the  SertulariEe 
and  Campanularia?. 

Other  appendages  have  been  found  and  described  in  England 
by  H.  A.  Nicholson.*  They  were  found  in  the  GraptoliLe  rocks 
of  Dumfriesshire,  attached,  in  some  instances,  to  the  stipes  of  Gr. 
Sedgwicki,  Nich,  They  differ  from  those  noticed  by  Hall  in 
being  free  in  the  later  stages  of  their  growth.  They  are 
described  as  "  oval  or  bell-shaped,  provided  with  a  mucro  or  spine 
at  one  extremity  and  surrounded  by  a  strong  filiform  border, 
which  ultimately  ruptures,"    Nicholson  found  these  bodies,  which 
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he  called  "  DawsonisB,"  in  many  instances  attached,  when  small,  to 
the  cellules  of  Or,  Sed^wicki ;  sometimes  to  the  apex  of  a 
theca,  while  sometimes  they  appear  to  spring  from  the 
common  canal  or  from  the  under  surface  of  a  theca.  The 
author  compares  them  with  the  "gonophores"  of  the  recent 
Hydroids,  on  account  of  their  external  processes  and  their  like- 
ness in  form,  while  they  differ  in  having  a  corneous  envelope. 
He  believed  that  they  were  attached  to  the  sides  of  polypites  or 
to  gonoblastidia,  although  he  admits  that  they  have  not  been  cer- 
tainly detected  in  direct  communication  with  the  polypary  of  any 
Graptolite. 

The  gonangia  described  by  Hopkinson  in  Ann.  &  Mag.  of  Nat. 
Hist.,  1871,  vol.  VII,  p.  317,  resemble  closely  the  appendages 
made  known  by  Hall.  Hopkinson  states,  on  this  occasion,  that 
the  connection  of  Nicholson's  graptogonophors  with  the  Grapto- 
lite is  not  proved. 

Allmann,  who  had  an  opportunity  of  studying  English  speci- 
mens closely  resembling  the  American  ones,  denies  their  having 
been  capsular  bodies.  They  appear  to  him  rather  to  be  hollow 
laminae ;  but,  on  account  of  the  regularity  of  their  disposition, 
he  does  not  regard  them  as  accidental  growths.  He  thinks  that 
their  connection  with  the  gonosomal  system  is  probable,  and 
compares  them  with  the  leaflets  which  compose  the  corbulaeof 
certain  Plumularidce,  where  the  gonangia  are  developed  in 
groups,  and  each  group  is  sustained  in  a  common,  basket-like 
receptacle,  which  is  a  metamorphosed  ramulus.  He  finds  his 
view  supported  by  the  fact  that  in  each  case  where  they  have 
been  satisfactorily  observed,  the  thecae  became  suppressed  in 
that  part  of.  the  fossil  which  carries  the  appendages. 

I  have  not  yet  found  any  appendages  similar  to  those  discovered 
by  Hall. 

As  to  the  "ovarian  vesicles,"  which  Nicholson  found  associated 
with  the  Graptolites,  Allmann  thinks  their  connection  with  the 
Graptolites  to  be  purely  accidental,  on  account  of  their  origin 
from  the  walls  of  the  theca).  Indeed,  the  fact  that  Nichol- 
son describes  them  as  being  attached  to  different  parts  of  the 
rhabdosome,  makes  it  very  probable  that  these  vesicles  came  only 
accidentally  in  contact  with  the  rhabdosome.  On  the  other 
hand,  I  would  like  to  remark  that  Allmann  himself   described 
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later  on  (in  tbu  second  volume),  ia  Synthtcium.  clegans,  AUm.,  a 
form  from  New  Zealand  which  sttands  apart  from  all  other 
Ilydrozoa  in  bearing  the  gonangia  upon  peduncles  springing 
from  within  the  hydrothecaj,  and  these  hydrothecse  do  not  differ 
in  a  single  point  from  the  others. 

A  highly  interesting  form  has  been  described  by  G.  Holm* 
in  Dictyoji&na  oervioorne,  bearing,  alternately  on  the  two  sides 
of  bay-forklike  spines,  cup-shaped  bodies,  "  by  thecit?,"  which  the 
author  supposes  to  have  been  gunangia.  The  regularity  of  their 
ilistribution  on  the  thecie  and  the  complete  development 
of  the  by-tbecaj  bearing  thecEe,  are  not  tjuite  in  accordance 
with  the  appearance  of  tbe  recent  gonangia  and  seem  to  m©  to 
be  rather  suggestive  of  a  comparison  with  the  nematophores  or 
nematocalyces  of  tbe  Plumularidai.  These  latter  appendages,  to 
which  AUmann  refers  all  the  thecje  of  Graptolites,  are  mostly 
tube  or  cup-shaped  offsets  of  the  thecal  containing  a  sarcode 
mass  which  can  extend  itself  in  the  foi-m  of  single  or  branched 
processes.  The  latter  are,  as  their  thread  cells  indicate,  adapted 
to  catching  food  for  the  colony. 

^H  Tbb  Siodla. 

Professor  Hall  succeeded  in  finding  the  embryo  shells,  or  siculse, 
as.they  have  been  called  by  Nicholson,  not  only  detached  but  also 
in  connection  with  the  rhabdosome.  They  have  been  found  iii 
very  widely  separated  spots,  sometimes  covering  the  roclts  in 
enormous  multitudes.  I,  too,  have  obtained  slabs  densely  cov- 
ered with  sicula?  and  various  young  stages  of  D.  pristis,  Hall, 
while  I  have  only  one  slab  with  free  siculje  of  ]).  Jiuedemanni-. 
these  tiny  fossils  evading  detection  in  the  field,  although  they  can 
be  easily  seen  at  the  ends  of  the  rhabdosomas,  and  sometimes 
even  within  the  gonangia,     (PI,  II,  lig,  4.) 

Hall's  description  of  these  embryos  was  bo  complete  and  his 
interpretation  of  their  nature  obviously  so  correct,  that  both 
have  been  only  conlirmed  by  later  investigations.  He  saw 
them,  when  flattened  upon  the  rock,  as  a  prolonged  triangular 
film,  containing  a  very  tine  rod,  the  virjiula.  Their  real  form 
he  supposed  to  be  that  of  a  conical  sac.     He  regarded  them  as 
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primary  thecae  and  found  that  those  of  Diplograptus  throw  oflf 
buds  from  approximately  opposite  sides  near  the  broad  end,  and 
form  thus  the  two  series  of  thecaB  characteristic  of  the  Dip- 
lograptidaB.  He  stated  that  the  sicula  remains  embedded  in 
the  so-called  proximal  end  of  the  rhabdosome,  projecting  with 
its  broad  end,  and  that  the  virgula  grows  out  to  the  central  axis. 

An  interesting  contribution  to  our  knowledge  of  the  sicula  of 
Diplograptus^  has  been  lately  furnished  hy  Carl  Wiman.*  The 
author  found  in  a  piece  of  limestone,  from  Bornholm,  half  car- 
bonized chitinous  siculae,  which  he  was  able  to  make  transparent 
by  means  of  Schulze's  maceration  medium.  With  the  aid  of 
his  excellent  material  he  was  enabled  to  state  that  the  sicula  has 
the  form  of  a  conical  tube  and  consists  of  two  parts,  a  very  thin 
and  transparent  "distal,"  and  a  thicker  and  less  transparent 
"  proximal "  one. 

My  material  has  not  given  me  any  opportunity  to  study  the 
details  of  this  cone,  but  has  furnished  valuable  information 
regarding  the  relation  of  the  sicula  to  the  complete  colony. 

While  the  profuse  covering  of  certain  slabs  with  siculae  and 
the  crowding  of  siculae  around  some  colonies  (PI.  I,  fig.  V)  give 
conclusive  evidence  that  numerous  siculae  left  the  gonangia,  it  is 
suggested  by  siculae  and  by  very  young  stipes  attached  to  adoles- 
cent colonies  that  some  siculie  did  not  sever  their  connection  with 
the  parent  colony  but  ^rew  out  into  new  rhabdosomes.  The 
original  of  PI.  I,  fig.  5,  shows  one  sicula  (Si)  with  two  thecae  and 
a  young  rhabdosome  (sg)  with  a  still  distinctly  visible  sicula. 
Youn^  colonies  bear  whole  bundles  of  siculae  (PI.  Ill,  figs.  15, 16). 

The  free  sicula  generally  bears  only  a  very  delicate,  filiform 
process,  like  that  by  which  it  is  attached  to  the  blastostyle. 
After  I  had  found  that  this  process  on  young  free  rhabdosomes 
connects  with  a  square  chitinous  plate,  I  also  examined  the 
free  sicukD  for  these  appendages  and  found  them  in  fair  number 
(PI.  Ill,  figs.  1-3)  even  on  some  of  the  siculae  which  apparently 
had  only  shortly  before  been  liberated  (PI.  I,fio;.  9).  On  the  last- 
mentioned  specimen  they  are  visible  only  outside  of  the  dense 
crowd  of  siculae,  the  latter  obscuring  the  details  about  the  center. 
The   study  of   this  specimen  leads  to  the  conclusion  that  the 


•  Uebor  Dlplograptld;!^  I.ftpw.    Hull,  of  tho  Geol.  lust,  of  Upsala,  vol.  I,  No.  2,  181>3.     Translated  by 
Ch.  Schucbert  in  the  Journal  of  Cfoolugy,  liSyJ,  p.  'J07. 
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square  appendages  were  formed  either  inside  of  the  gonangium 
or  immediately  after  tbe  detachment  of  the  siculae. 

Some  of  the  best  specimens  bearing  these  plates  are  figured  on 
PI.  III.  Figure  1  represents  the  most  common  appearance  of  the 
appendage  as  the  impression  of  a  square  plate,  slightly  raised 
in  the  center  and  sometimes  with  chitinous  test;  at  the  under 
side  of  the  plate  is  a  small  round  node,  from  which  the  sicula 
springs  with  a  process  of  varying  length.  While  the  sides  are 
mostly  convex,  some  B))ecimeoe,  in  later  growth  sttiges,  show 
concave  sides  (fig.  2),  perhaps  the  result  of  shrinkage  of  the  Btill 
tender  organ. 

Figure  3  represents  a  specimen  which  is  remarkable  for  show- 
ing to  the  naked  eye  broad  radial  ribs,  and  for  displaying  under 
the  glass  a  series  of  fine  concentric  furrows  and  wrinkles  around 
the  central  node.  The  same  regular  concentric  furrowing  can  be 
observed  on  some  older  and  larger  plates  (PI.  Ill,  figs.  9,  V\  14). 
It  excludes,  by  its  regularity,  the  idea  that  it  might  be  the  result 
of  shrinkage,  or  of  the  Battening  of  the  bladderlike  body. 

In  seeking  an  homology  of  the  h-  rny  cone  or  sicula,  among 
the  growth  stages  of  a  Sertularian  colony,  we  shall  be  embar- 
rassed by  the  very  fact  of  the  chitinous  nature  of  this  embry- 
onic sliealli,  Tbo  horny  roccptiiclo  of  the  Sertiilarians,  called 
gonangium,  produces  embryos  without  a  horny  perisarc,  while 
that  of  Diplogr(tj>tii^  produces  such  with  a  horny  perisarc.  And 
yet,  there  is  a  more  than  superficial  similitude  between  the 
sicuta  of  Diplogroptua  and  the  primary  polypite  of  the  Sertu- 
larians,  which  is  borne  on  a  short  bydrocauhis,  fastened  by  a 
round  disc  to  the  bottom  and  produces  tbe  first  hydrothoca, 
whence  the  whole  colony  arises  by  lateral  budding  (cf.  Allmann, 
1.  c.).  Supposing  this  polypite  and  its  disc  to  be  clad  from  .the 
beginning  in  the  horny  perisarc  by  which  the  colony  begins 
to  protect  itself  in  a  little  more  advanced  stage,  there  would 
result  a  first  stage  of  growth  striljingly  similar  to  that  of 
Diplograptus ;  there  would  be  a  primary  theea,  a  hydrocaulus, 
a  basal  appendage  and  a  lateral  budding  of  the  first  hydrotheca. 
The  earlier  beginning  of  the  secretion  of  the  perisarc  with 
the  embryo  of  Diplograptus  can  not  be  regarded  as  of  princi- 
pal importance,  but  there  exists  a  distinctive  feature  of  great 


Development  and  Mode  of  Geowth  of  Diploqraptus.    237 

importance  in  the  existence  of  the  virgula  in  the  sicula  of  Diplo- 
graptic8.  But  even  with  this  difference  the  homology  of  the 
sicula  and  the  primary  polypite  of  the  calyptoblastic  Hydrozoa 
is  such  as  to  justify  its  being  regarded  as  an  indication  of 
relationship. 

Development  of  Diplooraptus  pbistis,  Hall. 

Plate  III. 

When  the  shale  which  contains  the  compound  colonies  of  J9. 
pristis  was  exposed  last  year,  I  failed  to  pay  sufficient  attention 
to  collecting  slabs  with  siculas.  As  I  found  later  on,  however, 
some  slabs  which  preserved  siculae  and  young  colonies  with 
attached  base,  I  took  advantage  of  a  renewed  but  unfortunately 
very  brief  exposure  of  the  same  layer,  by  the  construction  of  a 
road,  to  collect  young  colonies.  The  study  of  these  tiny  fossils 
furnished  the  material  for  Plate  III,  in  which  I  have  arranged 
the  numerous  various  appearances  of  the  young  colonies  of  D. 
pristis,  Hall,  according  to  supposed  successive  stages  of  growth. 

Figs.  1-3  are  representations  of  siculae  with  their  basal  ap- 
pendages. The  next  stage  are  siculae  with  the  first  theca  (figs. 
4-7).  The  theca  buds  at  the  distal  wide  end  of  the  sicula  from  a 
round  hole  which  is  sometimes  perceptible.  The  "connecting 
canal "  of  Tornquist  and  the  growth  lines,  described  by  Wiman, 
could  also  be  observed  on  some  specimens. 

Figure  4  represents  a  specimen,  the  basal  plate  of  which  has 
concave  outlines,  similai'  to  tig.  2.  The  sicula  is  distinctly 
attached  to  the  central  round  node,  as  it  is  also  in  the  following 
specimens. 

Figure  5  belongs  to  a  specimen  in  an  excellent  state  of  preser- 
vation. The  sicula  is  preserved  as  a  tube  and  the  basal  append- 
age as  a  segmental  projection  with  a  filiform  chitinous  border, 
which  is  a  section  of  the  test.  The  central  node  lies  on  the  top 
of  the  projection.  In  fig.  G  the  base  is  broken  out,  leaving  a 
deep  square  impression  The  central  node  is  preserved  as  an 
oval  chitinous  body  with  a  central  pit;  the  latter  probably  repre- 
sents a  connection  between  the  node  and  the  basal  cyst  (cf.  i\^,  Ga). 

Figure  7  is  interesting  in  several  regards.  It  not  only  shows 
the  "connecting  canal''  of  the  first  theca  and  the  hole  from 
which  the    former   sprung,  but  also   the  central  node  on   top 
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of  an  inner  plate.  The  latter  is  surrounded  by  four  oval  pro- 
jections which  are  probably  the  casts  of  budding  sacs  represent- 
ing the  ^onangia.  This  would  indicate  a  very  early  beginning 
of  the  development  of  the  reproductive  organs. 

As  the  next  stage  of  growth  may  be  regarded  those  rbabdo- 
somes  which  bear  two  thecJE  (figs.  8  and  It). 

In  fig.  8  the  basal  appendage  is  preserved  as  an  impreEsion 
only,  darker  than  the  surrounding  rock. 

Figure  9  represents  a  primary  rhabdosome,  the  basal  cyst 
of  which  is  preserved  as  a  plate  with  a  chitinous  filiform  border 
and  part  of  the  chitinous  test  in  the  lower  right  corner.  The 
concentric  furrowing  observed  before  is  also  distinct  here;  the 
farrows  surround  a  high  scjuare  chitinous  projection  which  ap- 
parently develops  from  the  original  little  central  node  and  ia 
the  central  disc  of  the  grown  colony. 

A  further  stage  is  represented  by  a  rhabdosome  on  which  three 
thec8B  can  be  counted  (fig.  10),  The  central  disc  appears  as  a 
deep  square  pit;  the  basal  cyst  eib  a  less  deep,  but  very  smooth 
impression  with  a  chitinous  Elm. 

In  figure  11  we  have  a  rhabdosome  with  four  tbecse,  and  con- 
nected by  a  rather  short  hydrocaulus  to  a  central,  strongly  chit- 
inous node,  fnidently  the  "funiculus"  of  the  coiiipmind  colony. 
The  node  lies  inside  the  central  disc,  a  deep  impression  filled 
with  carbonaceous  matter  and  surrounded  by  the  larger  impres- 
sion of  the  basal  cyst.  Besides  these  impressions,  there  are  pres- 
ent four  strongly  projecting  oval  bodies.  If  these  are  again 
traces  of  gonangia,  the  latter  have  already  extended  beyond  the 
cyst. 

The  next  represented  stage  (fig.  12)  with  seven  thecal  shows 
the  oval  organs  still  more  developed.  In  one  of  the  latter  (at  g), 
there  are  radiating  impressions  perceptible,  perhaps  those  of 
young  sicu!;e. 

Figures  13  and  14  show  primary  rhabdosomes  with  respectively 
11  and  13  thecal.  Both  are  remarkable  for  the  distinct  concen- 
tric series  of  furrows  and  the  great  prolongation  of  the  basal 
part  of  the  hydrocaulus. 

The  next  stage  (fig,  15)  appears  very  different  from  the  ])re- 
ceding,  because  the  primary  rhabdosome  is  broken  ofi"  (the  basal 
part  of  the  hydrocaulus  is  still  ]>reservcd  at  p).     This  specimen 
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shows  two  oval  wrinkled  chitinous  plates,  the  gonangia,  and 
between  them  two  bundles  of  radiating  siculae,  which  are  prob« 
ably  part  of  the  contents  of  two  other  gonangia.  The  appear- 
ance of  these  bundles  and  of  others  similar  to  that  represented 
in  fig.  16,  suggests  the  idea  that  the  basal  siculaB  were  not 
detached,  and  perhaps,  by  shrinkage  of  the  blastostyle,  gained 
connection  with  the  central  disc  and  funicle.  The  existence  of 
bundles  of  hydrocauli  (cf.  PL  II,  fig.  3)  springing  from  the  base 
of  grown  colonies,  is  in  favor  of  this  view.  The  dense  bundles 
of  siculae  on  young  colonies  indicate  that  most,  if  not  all,  of  the 
siculae  remained  in  connection  with  the  parent  colony,  while  ihe 
appearance  of  tlje  older  colonies  leaves  no  doubt  that  multitudes 
of  siculae  became  detached. 

These  bundles  of  siculae  now  begin  to  develop,  at  first,  by 
extending  the  hydrocauli  (fig.  17),  after  which  the  production 
of  hydrothecae  sets  in  (fig.  18).  It  may  be  concluded  from  figs. 
17  and  18  that  the  young  rhabdosomes  did  not  all  develop  alike* 
While  in  fig.  17  most  siculae  do  not  yet  bear  a  theca,  others  have 
already  one  and  a  few  have  still  more,  even  as  many  as  five 
thecae.  In  the  specimen  represented  in  fig.  18  the  majority  of 
the  siculae  has  produced  one  theca,  and  in  the  original  of  fig.  19 
most  of  the  rhabdosomes  bear  about  half  a  dozen  thecae.  In 
this  excellently  preserved  specimen  the  hydrocauli  no  doubt  take 
their  origin  from  the  central  disc  and  the  inclosed  funicle; 
funicle,  central  disc  and  cyst  are  here  preserved  with  their  chitin- 
ous tests.  The  upper  rhabdosome  is  so  far  advanced  that  it 
probably  is  the  primary  one.  There  is  Ho  primary  rhabdosome 
preserved  on  the  original  of  figs.  17  and  18.  In  such  specimens 
as  are  represented  in  figs.  20  and  21  is  a  more  advanced  stage. 
On  the  former  specimen  may  be  observed,  besides  the  young 
rhabdosome,  a  complete  chitinous  gonangium  (g),  a  dense  multi- 
tude of  radiating  siculie  at  the  right  and  some  single  sicula:)  at 
the  lower  side.  Because  of  the  great  difference  in  age  between 
the  sicula}  and  the  young  rhabdosomes  I  am  inclined  to  regard 
the  gonangia  and  siculio  as  a  second  generation,  produced  after 
the  first  generation  had  reached  a  certain  age.  The  basal  cyst  is 
preserved  in  this  specimen  us  in  many  others  as  a  strong  plate 
with  a  chitinous  border,  apparently  the  result  of  the  lilling  of  the 
empty  bladder  with  sediment. 
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The  begiaaing  growth  of  a  second  generation  is  more  clearly 
visible  in  the  excellent  original  of  figs.  21  and  21a,  where  the 
hydrocauli  of  the  already  highly -developed  first  generation  of 
rhabdosomes  are  turned  to  one  side,  thus  uncovering  the  well- 
preserved  little  ohitinoua  gonangia  (g).  The  latter  with  their 
interior  radiation,  which  probably  is  to  be  referred  to  siculie,  are 
easily  perceptible  to  the  naked  eye.  The  primary  rhabdosome 
is  turned  to  the  right. 

A  more  advanced  stage  is  that  shown  by  fig.  22,  where  the 
gonangia,  preserved  as  impressions  only,  are  larger  than  the  cjat, 
and  a  few  siculse  of  the  second  generation  are  still  connected 
with  the  apparently  incomplete  colony.  This  specimen  shows 
the  two  different  kinds  of  siculaj:  the  detached  sicuhe,  two  of 
which  have  been  arrested  in  their  motion  by  the  hydrocaulus, 
and  the  nnndetacbed  siculie. 

A  similar  stage  of  growth  is  represented  by  fig.  23,  which  is 
remarkable  for  its  having  two  generations  of  rhabdosomes,  for 
the  chitinous  basal  cyst,  whicli  is  separated  from  the  center,  and 
for  its  central  disc,  which  shows  a  central  pit. 

The  difi'erence  betweeen  the  two  generations  of  rhabdosomes 
is  very  obvious  in  the  specimen  represented  of  natural  size  in 
fig.  24.  The  three  longest  rhabdosomes  are  left  from  the  first 
generation  (the  one  on  the  left  side  is  perhaps  the  primary 
rhabdosome).  The  verticil  of  rhabdosomes,  marked  II,  is  evi- 
dently the  second  g*?neration,  and  a  third  generation  is  indicated 
by  the  oval  chitinous  rings,  the  apparent  traces  of  gonangia. 

The  original  difference  in  size  between  the  rhabdosomes  is  later 
on  obliterated  by  their  unequal  growth,  and  perhaps  also  by 
the  loss  of  the  older  rhabdosomes.  The  beautiful  specimen, 
represented  in  PI.  I,  fig.  1,  still  exhibits  three  gfinerations  of 
rhabdosomes  and  one  generation  of  gonangia.  There  is  a  dense 
verticil  of  almost  equally  long  rhabdosomes  found  in  a  few  very 
large  colonies. 

For  the  sake  of  completeness  I  add  the  figures  (figs,  '25  and  liC) 
of  two  sptcimens  which  seem  to  stand  outside  of  the  line  of 
development,  as  they  show  two  and  four  sicula'  on  one  central 
disc.  Three  sicula;  have  also  been  observed.  As,  however,  the 
complete  development  of  the  central  organs,  the  presence  of 
funicle,  central  disc  and  basal  cyst  indicate,  these  strange  little 
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colonies  are  most  probably  the  relics  of  already  farther  developed 
colonies.  There  are  a  few  other  relics  of  colonies  with  a  strange 
appearance,  as  for  instance  a  central  disc  bearing  one  large 
rhabdosome  and  one  sicula. 

The  following  is  the  development  of  Diplograptv^pristis^  Hall, 
given  in  a  more  comprehensive  form  : 

1.  The  detached  sicula  is  provided  with  a  basal  appendage, 
to  which  it  is  attached  by  means  of  a  little  round  node. 

2.  The  node  becomes  the  central  disc  and  funicle.  The  sicula 
produces  at  first  one  theca,  then  a  second,  a  third,  etc. 

3.  With  the  budding  of ,  the  first  thecae,  the  growth  of  the 
gonangia  already  begins,  with  usually  four  small  oval  capsules. 

4.  The  further  growth  is  marked  by  a  remarkable  lengthening 
of  the  hydrocaulus  and  a  continued  budding  of  thecaB  at  the 
proximal  end  of  the  primary  rhabdosome,  along  the  hydrocaulus 
and  toward  the  center. 

5.  At  last  the  gonangia  mature  and  open.  Many,  or  perhaps 
all  of  the  siculae,  remain  connected  to  the  parent  colony.  The 
colony  consists  now  of  a  rhabdosome,  about  half  developed,  which 
is  the  primary  one,  bearing  a  basal  cyst,  central  disc  and  funicle, 
and  on  these,  bundles  of  siculae. 

6.  These  sicula}  grow  out  to  rhabdosomes,  the  process  begin- 
ning again  with  a  lengthening  of  the  hydrocauli. 

7.  After  this  first  generation  of  rhabdosomes  has.  reached  a 
certain  age,  a  second  generation  of  gonangia  begins  to  grow. 

8.  These  latter  open  again  and  produce  a  new  set  of  siculas 
around  the  center.  The  colony  consists  now  of  the  primary 
rhabdosome,  a  verticil  of  young  rhabdosomes,  and  another  of 
siculoB.  This  process  is  continued,  the  successive  generations  of 
gonangia  producing  sicuhi^,  which,  in  turn,  develop  into  verticils 
of  rhabdosomes. 

The  diff.jrent  size  of  the  rhabdosomes,  in  all  hydrosomes  appa- 
rently still  growing  (PL  1,  tig.  1);  their  equal  length  in  the  hydro- 
somes with  the  longest  and  most  numerous  rhabdosomes;  the 
common  occurrence  of  one  mature  rhabdosome  and  numerous 
young  ones  in  the  same  colony,  aTc  all  facts  giving  evidence  that 
the  hydrosome  began  to  grow  with  one  rhabdosome,  and  that  the 
number  and  length  of  the  rhabdosomes  increased  with  the  age  of 
the  whole  colon  v. 

31 
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Dr.  O.  HerrmaDD,*  in  the  description  of  Dioho^raptus  EjerriJjt, 
Herrm.,  contends  that  fronds  of  Dichograj)tHs  with  a  different 
number  of  rhabclosomes  (from  5  to  14)  do  not  represent  diff'erent 
ages,  as  it  has  been  thought;  on  the  ground  that  no  difference  in 
the  tiiickness  and  lengtb  of  the  rhabdosomes  is  to  be  detected; 
that  no  younger  rhabdosimps  are  perceptible  when  they  had  just 
sprouted  and  before  they  reached  the  margin  of  the  central  disc  ; 
and  that  young  individuals  occur  with  eight,  nine  and  twelve 
rhabdosomes,  just  as  in  full-grown  specimens. 

It  is  certainly  not  analogous  with  Jjipograpius,  for  the  colony 
of  Dipjftgraptus  does  not  grow  as  a  whole  with  a  given  number  of 
rhabdosomes,  but  the  number  of  the  latter  is  constantly  increasing 
by  the  development  of  new  rhabdosomes  from  sicula?  This  view  is 
supported  by  Hall's  observation  that  the  numberof  rhabdosomes 
ia  no  specific  character  and  that  there  is  apparently  no  law  of 
branching  in  forms  with  many  rhabdosomes. 

There  was  no  difference  in  the  mode  of  growth  between  the 
primary  and  the  following  rhabdosomes.  In  both  the  sicula  lies 
in  the  oldest  part,  and  both  grew,  as  it  were,  backward  toward  the 
center,  forming  new  thecie  at  the  basal  end.  One  could  compare 
this  mode  of  growth  with  that  of  a  leaf,  the  oldest  part  of  which 
is  the  must  distant  point,  while  the  yoiing(?st.  part,  whore  the 
leaf  is  growing,  is  the  base  of  the  blade. 

As  long  as  only  the  detached  rhabdosomes  of  Diplograptus 
were  known  it.  was  natural  that  the  sicular  end,  whe^e  the 
growth  of  the  rbabdosome  begins  and  which  at  first  was 
thought  to  be  attached  to  the  ground,  was  callerl  the  "proxi- 
mal "  and  the  opposite  the  "  distal "  end.  But  where  we  have  a 
funicle  and  central  disc,  i.  e.,  a  point  of  attachment  of  the  rhab- 
dosorae,  we  must  follow,  in  order  to  avoid  confusion  in  the  nomen- 
clature, the  usage  of  the  authors  on  modern  Hydr'>zoans  and 
define  with  Hu.\ley  ■' the  attached  extremity  of  the  fixed  hydro- 
soma  or  its  equivalent  in  the  free  one  as  the  proximal  end,  the 
opposite,  as  the  distal  end."  The  sieu la-bearing  end  of  the  rbab- 
dosome of  D'iphxjraplm,  therefore,  is  really  the  "distal''  end,  as 
is  the  p.iint  of  the  leaf. 

Wiman  hi)lds  that  the  virgula  does  not  begin  to  develop  its 
proximal  pai't  until  the  sicula   has  been   taken   into   the   rhab- 
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dosome,  and  that  the  virgula  does  not  protrude  beyond  the 
proximal  end,  unless  the  periderm  of  the  rhabdosome  is  broken 
away,  leaving  the  virgula  free.  This,  however,  is  different  in 
my  material,  which  shows  the  virgula  to  extend  beyond  the 
proximal  point  of  the  sicula  into  the  hydrocaulus,  and  even 
beyond  the  proximal  end  of  the  rhabdosome  into  the  hydrocau- 
lus. A  very  interesting  specimen  bearing  on  this  question  is  rep- 
resented in  PI.  I[,  fig.  6.  The  virgula,  a  shining,  chitinous  rod, 
contrasts  with  the  thinner  film  of  the  hydrocaulus.  The  latter 
is  broken  at  m;  the  more  solid  and  inflexible  virgula,  however, 
has  separated  from  it  and  lies  now  partly  outside  of  the  canal, 
stOl  preserving  its  natural  position  in  the  sicula. 

Nicholson,  too,  claims  to  have  seen  in  Diplograptm  priaiis  the 
common  canal  "  without  denticles  "  continued  on  each  side  of  the 
prolonged  rod;  and  Allmann  states  that  if  the  virgula,  as  variously 
observed,  extended  beyond  the  young  growing  portion  of  the 
stipe,  it  must  have  been  included  in  a  ccenosarc  and  this  confined 
in  a  perisarc,  "  which  was  probably  still  so  delicate  as  to  be 
incapable  of  preservation,  its  thicker  rod-like  portion  being  the 
only  part  preserved."  As  the  above  described  specimen  shows, 
this  thin  perisarc,  the  hydrocaulus,  has  been  preserved  under 
favorable  conditions. 

Wiman  further  came  to  the  conclusion  that  the  sicula  was 
either  open  or  had  a  very  thin  wall  at  the  pointed  end.  The 
study  of  my  specimens  of  siculae  furnished  evidence  that  the 
sicula  was  attached  with  this  pointed  end  by  means  of  a  filiform 
process  either  to  the  parent  colony,  or,  when  the  sicula  was  free, 
to  the  central  node  of  the  basal  appendage,  in  both  cases  the 
rhabdosome  developed  along  this  hydrocaulus  toward  the  center 
of  the  colony.  That  might  induce  the  notion  that  the  hydrocau- 
lus became  the  common  canal  of  the  rhabdosome.  Wiman, 
however,  has  demonstrated  that  a  common  canal,  as  progenitor 
of  the  hvdrothecas  does  not  exist,  but  that  the  common  canal 
is  the  result  of  the  growth  cf  the  thecce.  The  results  of 
Tornquist's*  excellent  researches  agree  with  Wiman's  observa- 
tions regarding  the  structure  of  the  distal  end  of  the  rhabdosome 
and  the  growth  of  the  common  canal.  Both  authors  assert 
that  the  formation  of  the  common  canal  goes  hand  in  hand 
with    the    budding   of    the   thecal      Such   a   mode   of    growth 

•  S.  L.  Tiirquiilst.    OJ>»iervntI<tn-.  on  the  stnictur<'  of  soiUf  DipriouM;!'.    Luud'sUnlv.  Ars.skrlft,  Bd. 
29,  Lund.  lS'/2-9:5. 
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E  of  the  rhabdoBome  would   exclude    the    pre-existence    of    tbe^ 

I  common  canal  in  the  hydrocaulus.    Therefore  the  interesting  1 

question  arises :  What  became  of  the  hydrocaulus  of  the  siciilal<  1 

1  hope  that  my  material  of  young  rhabdosomes  with  hydrocauU  I 

will  permit  an  answer  to  this  question  later. 

I  General  Appeihakoe  of  the  Colons  and  Its  SvaTKMATio 
Rklatioks. 
The  restoration  of  the  colonial  stock  of  Biplogr'iptug  given  in 
Plate  II,  fig.  5,  was  drawn  with  the  assumption  of  a  floating 
mmle  of  life  in  Uiploijraittus.  Since  then  material  has  beeo 
found  (cf.  PI.  V)  which  does  not  justify  such  a  supposition,  and, 
therefore,  the  writer  presents  this  sketch  only  as  an  illustration 
of  the  relative  vertical  succession  of  the  parts,  without  regard  to 
the  question  of  their  absolute  position,  for  there  is  a  possibility  J 
that  the  order  was  the  reverse  of  that  given  in  the  figure,  and    I 

tthat  the  basal  cyst  was  the  undermost  part  of  the  colony,  fl 

it  is  a  fact  of  special  importance  that  the  unifi^rm  ossociatioUj ,^H 
stated    by  Allmann,  1.  c,  of    the    horny  receptacles   of    ths'^f 
bydrantbs  (hydrothecie)  with  the  horny  receptacles  of  the  generor  ,fl 
tive  organs  (gonangia)  among  the  Ilydrozoa,   is  also  found  is  .^| 
Diplograptits.    As  this  association  is  the  specific  character  of  the  ^| 
Ciih/ptohla^taa  {I'lumuiarida:   and    Sertulari'hi').  its  observation 
on   Diplograptus  would   seem   a   strong,  argument   for  placing 
Diplograptua   near   the    Calyp>tohla»tea.     But    in    spite   of    this 
homology  between  Diplograpius  and   the  Sertularians  in   par- 
ticular, the  former,  like  the  other  Graptoliies,  has  to  be  separated 
from  the  Sertulapians   on   account  of  the  horny  sheath  of   the 
embryo,  and,  what  seems  more  important,  the  horny  axis  of  the 
rhabdosome.*    These  dillt'rences  justify  the  grouping  of  the  Grap 
tolites  into  a  separate  c]ass,the  liltahdnphora. 

It  is  my  pleasant  duty  to  express  my  most  sincere  thanks- to 
Profs.  James  Hall,  John  JI.  Clarke,  C.  E.  iJeecherand  R.  P. "Whit- 
field, who,  by  their  kind  advice  and  by  generously  ])laciiig  at  my 
disposal  literature  and  collections,  have  enabled  me  to  complete 
this  paper. 
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The  writer  has  been  highly  gratified  at  having  placed  in  his  hands, 
by  the  courtesy  of  Prof.  James  Hall,  a  large  slab  bearing  a  colony 
of  Diplograjytus,  The  fossil  is  not  only  interesting  because  it 
adds  a  new  locality  and  a  new  horizon  —  the  Hudson  River 
group,  the  slab  coming  from  a  railroad-cut  near  the  Abbey,  south 
of  Albany,  N.  Y. —  but  also  on  account  of  the  remarkable  size 
and  mode  of  preservation  of  the  colonial  stock.  The  size  of  the 
fossil  can  be  taken  from  the  figure  on  plate  IV  which  ig  a  repro- 
duction in  approximately  natural  size.  One  rhabdosome  measures 
80  mm.;  another  70  mm.,  the  latter  reaching  a  length  of  40  mm. 
The  diameter  of  the  whole  colony,  therefore,  may  easily  have 
been  200  mm.  The  slab,  however,  is  covered  with  broken-off  rhab- 
dosomes  of  still  larger  dimensions,  and  especially  with  longer 
hydrocauli.  One  of  these  rhabdosomes  is  72  mm.  long  and  is 
attached  to  a  hydrocaulus  67  mm.  in  length.  This  example 
illustrates  the  remarkable  length  of  the  hydrocauli  of  some 
rhabdosomes,  the  bearing  of  which  fact  on  the  question  of  the 
mode  of  life  of  the  colony  has  been  discussed  in  this  paper.  A 
comparison  of  this  rhabdosome  with  those  of  the  colony  makes 
evident  that  there  was  a  great  difference  in  the  length  of  the 
hydrocauli  of  nearly  equally  long  rhabdosomes ;  and  the  profuse 
occurrence  of  detached  long  stalked  rhabdosomes  indicates  that 
the  colony,  as  we  see  it  now,  may  have  lost  a  great  number  of 
them.  The  latter  supposition  is  supported  by  the  presence  of  a 
dense  intricate  mass  of  hydrocauli  near  the  center  of  the  colony. 
It  is  probable,  therefore,  that  while  the  remains  of  30  rhabdo- 
somes can  be  counted  now  in  the  colony,  the  latter,  when  alive, 
was  composed  of  a  considerably  greater  number. 

The  center  is  so  much  obscured  by  the  superposition  of  several 
rhabdosomes  that  it  appears  as  a  solid  film  in  which  only  the 
outline  of  the  central  disc  can  be  discerned  with  difficulty. 

A  remarkable  feature  of  the  colony  is  the  great  variety  of 
aspect  presented  by  the  rhabdosomes,  according  to  the  direction 
in  which  they  became  compressed,  and  the  different  states  of 
preservation.  Though  the  majority  of  the  rhabdosomes  of  this 
colony,  from  their  general  appearance,  might  be  identified  as 
D.  jjristis^  Hall,  it  would  seem  that  the  dimensions  of  the  rhab- 
dosomes are  such  as  to  constitute  a  difference  from  the  forms  of 
D,  pristis,  Hall,  as  found  in  the  Utica  slate.     Moreover,  some  of 
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the  rhabdoBomes,  if  found  detached,  would  certainly  bo  identi- 
fied as  D.  jiiadnm.'uoionatiiji.  Hall;  and  others  approach  D.  mu- 
cronatu^.  Hall.  It  is  probable  that  a  closei"  study  of  the  colonies 
of  Dialog raptus  occurring  in  the  Utica  and  Hudson  River  slates 
will  necessitate  a  revision  of  the  species  of  this  genus.  The 
strangeness  of  the  appearance  of  many  stipes  is  still  increased 
by  irregularly  distributed  aggregations  of  pustules  which  have 
tlieir  origin  in  crystallizations  of  iron  pyrite  within  the 
rhabdosomes. 

Addendum, 

To  my  regret,  Wiman's  important  paper,  "  Tleber  die  Grapto- 
liteo,"  was  received  too  late  to  be  given  the  deserved  appreciation 
in  this  paper.  I  will,  hoxvever,  not  miss  this  opportunity  to  thank 
the  author  for  the  full  reproduction  of  my  preliminary  note  as  well 
as  for  the  publication  of  bis  highly  developed  methods  of  prepara- 
tion, which,  I  hope,  can  be  applied  successfully  to  my  material! 
Besides,  the  writer  wishes  to  make  a  few  remarks  on  some  objec- 
tions raised  by  Wiman. 

Kegarding  the  objection  to  the  use  of  the  terms  which  Hall 
introduced  for  the  compound  colonial  stock  of  the  Diohoffraptidat 
(called  by  mistake  compound  Monograptidm  instead  of  compound 
M(y>ir>pri<in!d(E\  i  think  that  the  development  of  the  colonial 
stock  of  Dipluijraptus,  published  in  this  Report,  will  justify  the 
application  of  tlie  terms  in  so  far  as  it  shows  that  the  "central 
disc"  of  Diploijrapiua  originally  lies  at  the.sicolar  end  of  the 
colony,  for  it  is  among  the  earliest  outgrowths  of  the  sicula.  The 
fact  that  this  sicuia,  in  later  stages  of  growth,  wanders  outward, 
away  from  the  disc,  budding  thecie  between  the  two,  is  a  later 
complication  which,  in  my  opinion,  does  not  materially  affect  the 
homology  of  the  discs  of  Dichograptus  and  Diplograptua.  Jn 
case  the  thecfe  of  the  primary  rhabdosome  would  not  grow 
in  the  direction  of  the  initial  part  of  the  sicula,  but  a^ay  from 
it,  as  in  Diclwgraptua,  then  the  primary  sicula  would  remain 
always  at  the  disc;  or,  in  other  words,  the  disc  would  continue 
to  lie  atthesicular  end  of  the  rhabdosome.  The  "central  discs" 
of  Uichogruptus and  Diplof/raptics  therefore  are,  genetically,  iden- 
tical. The  difference  between  the  two  comes  in  when  the 
colonial  stock  of  Diplogrnptus,  by  means  of  "  gonan^ia,"  pro- 
duces new  stipes,  while  in  Dichograptidie  the  latter  are  formed 
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by  branching.  If  the  siculaB,  remaining  in  connection  with  the 
parent  colony,  had  developed  their  own  central  discs,  the 
latter  must  appear,  by  analogy  with  the  primary  rhabdosome,  at 
the  first  central  disc,  where,  however,  no  indications  of  such 
secondary  central  discs  have  been  observed.  The  antisicular 
ends  of  the  secondary  stipes  connect  directly  with  the  antisicular 
end  of  the  primary  stipe,  thus  forming  that  connecting  stem  for 
which  I  adduced  Hall's  term  "  funicle."  While  the  central  disc 
of  DiplograptuSy  though  not  in  secondary  position,  but  in  origin, 
is  identical  with  HalPs  central  disc,  Wiman  is  certainly  right  in 
disapproving  the  application  of  the  term  "  funicle"  for  the  con- 
necting stem  of  Diplograptus;  for,  while  the  latter,  in  Diplo- 
graptus^ is  apparently  formed  by  the  connection  of  the  antisicular 
ends  of  the  secondary  stipes,  that  of  the  Dichograptidce  is  the 
product  of  branching. 

Wiman  objects  to  the  comparison  of  the  siculae-bearing  capsules 
with  gonangia,  and  sees  in  them  gemmating  individuals-,  evidently 
referring  to  his  interesting  observation  of  gemmation  within 
individuals  among  the  Dendroidea,  In  the  apparently  complete 
Bevies  ot  gvovrth^idLges  oi  Diplograptus  pristis  described  in  this 
report,  under  the  assumption  that  the  "gonangia"  were  only 
organs  of  asexual  propagation,  and  the  siculai  consequently  only 
buds;  sexual  generation  would  on  this  supposition  be  entirely 
eliminated,  and  this  is  most  improbable.  If  it  be  supposed  now 
that  gonangia,  which  are  not  preserved,  existed  somewhere  on 
the  hydrothecie  (the  appendages  observed  by  Hall  might  be  ad- 
duced here),  and  that  these  sexually  produced  larvae,  then  it  is 
inconceivable  that  these  could  have  developed  anythmg  but 
siculie ;  for  the  growth  of  the  whole  colony,  as  well  as  that  of 
the  stipes,  starts  clearly  from  siculoD.  Hence  we  would  have 
the  same  product,  sicula^  by  sexual  generation  and  a  sexual 
gemmation,  which  is  improbable  again.  The  capsules  agree,  as 
their  description  shows,  wholly  with  the  gonangia  of  the  Ser- 
tularians  in  their  general  features.  The  fact,  also,  that  the 
larvaB  reached  such  a  high  stage  of  development  within  the 
capsules  is  not  without  analogy  among  the  Ilydrozoans^  e.  g., 
tSertularia  c?/jr>>/'d^s'.s'/?ia  discharges  larvie  already  ciliated ;  Tubularia 
coronata  even  ''actinulae"  with  tentacles.  Retaining  the  com- 
parison of  the  GvapioUtes  wich  the  Sertularians^  the  budding  of 
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f  the  colony  of  Dlplograptus  from  the  sicula  is  certainly  hoDiolo- 
\  gous  to  the  budding  of  the  llydroid  colony  from  a  sexually  pro- 
[•'duced  larva. 

While  it  thus  appears  that  there  is  a  great  similarity  between 

I  the  "gonangia"  of  Diplograptua  and  their  products,  and  those 

Voapsules  of  the  calyptoblastic  Ihjdrozoa  which  inclose  the  sexual 

I  glands  and  their  products,  there  is  none  at  all  between  "gonangia" 

I  and    tbecjB,  such  as  the  gemmation   individuals  observed   by- 

Wiman  possess.    Neitheris  the  possible  objection  that  thegonangi*' 

ought  toappear  on  theca)  sufficient,  for  there  are  living  fornaa 

enough  among  the  Ilydrozoana  in  which  the  soxual  glands  appear 

.  on  the  hydrocaulus.     The  discovery  of  sicula?  only  in  the  gonangia 

I  does  not  exclude  the  possibility  that  the  latter  before  that  con- 

'  tained  male  or  female  generative  buds  which  sexually  produced' 

I  flggs,  these  developing  into  siculse.    Js'either  the  generative  bads 

L  nor  the  eggs,  which  ai'e  both  always  ver}-  soft,  could  be  expected 

I  to  be  preserved,  while  the  blastostyle  from  which  these  gen- 

f  erative  glands  sprung,  end  which  later  ^ave  attachment  to  the 

\  siculee,  is  sometimes  observetl.     There  is  no  nee<l  of  supposing 

I  parthenogenesis  in  the  gonangia  as  the  whole  difference  between 

T  the  recent  and  the  fossilized  gonangia  may  consist  in  the  non* 

preservation  of  the  generative  buds  within  the  latter,  and  the 

longer  continued  existence  of  the  gonangial  test  for  the  purpose 

of  brooding  the  larva;. 

I  expected  that  the  "  pneumatocyst"  would  be  objected  to. 
Yet  I  thought  it  my  duty  to  |>ublish  the  supposition  which  the 
described  organ  and  its  peculiarities  so  strongly  suggest.  As 
stated  in  this  report,  the  pneumatocyst  is  by  no  means  a  heavily 
ohitinized  organ  ;  it  can  not  compare  in  this  regard  even  with  the 
gonangia.  It  is  true  the  rhabdosome  was  inflexible,  but  this 
was  not  in  my  opinion  possible,  only  because  the  colony  was 
moored,  "but  it  was  so  in  spite  of  the  floating  habit  of  the  colony, 
because  it  could  not  be  avoided  as  long  as  the  animals  sought 
protection  by  a  ehitin  us  periderm  which  was  not  articulated. 
There  are  Sertularidm  and  Campanularidte  to-day  which  are  at- 
tached to  floating  objects,  and  which  have  a  chitinous  periderm. 
The  virgula  which,  according  to  "Wiman,  kept  the  rhabdosome 
in  an  upright  position,  may  as  well  have  served  to  protect  the 
fragile,  because  inflexible,  rhabdosome  from  breaking;  for  if  the 
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latter  was  once  stiff,  it  oertainlj  was  of  advantage  to  resist 
breaking  so  far  as  possible.  While  Wiman  finds  it  difiloult  to 
imagine  how  stiff  tufts  of  Manograptidm  a  meter  long  could  have 
been  suspended,  I  encountered  the  same  difficulty  in  trying  to 
imagine  how  the  long  and  heavy  rhabdosome  of  Dyplograptus 
priHis  could  have  been  supported  by  the  very  slender  and  often 
very  long  hydrocaulus.  I  may  be  also  allowed  to  refer  here  to  the 
disproportion  between  the  rhabdosome  and  the  thread  like  pro- 
cm  of  the  sicula  in  McBondroffrapttis  (Moberg,  l.  c).  The  waves 
•  were  of  no  danger  to  the  little  colony,  as  the  latter  probably  kept 
in  deeper  water.  It  also  would  be  strange  that  complete  hydro- 
somes  are  so  rare  when  they  would  have  been  moored  and  could 
have  been  buried  in  situ ;  and  supposing  that  the  fragility  of  the 
rhabdosome  forbade  the  preservation  of  the  rhabdosomes  in  con- 
nection with  the  center,  the  former  ought  to  be  found,  at  least, 
often  in  stellate  arrangement. 
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Natural  size. 
',  Gurloy.    Natural  size. 
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Explanations  of  Plates. 
Legend,    f.     funicle. 

c.     central  disc, 
g.    gonangium. 
pn.  basal  cyst. 
Types  of  figures  on  Plates  I-III  from  the  Utica  slateof  Dolge- 
viUe,  N.  Y. 

pLiTE  I. 
Fig.  1. — Diplograptue  prigtis,  Hall. 
Fig.  2. — Diplograptus  Ruedemanm 
Fig.  3. — D.  Ru^demanni,  Gurley. 

Qonangia  preserved  as  pits. 
Fig.  4. — D.  Ruedemanni,  Gurley. 

Central  disc  with  inclosed  funicle;  part  of  the  speci- 
men represented  on  PI.  II,  fig.  1. 
Fig.  f>.—D.  priatis.  Hall.      X  4. 

g, —  Gonangium,  filled  with  siculra. 

s,. —  Sieula  with  two  thecje. 

Sj. —  Rhabdosome  with  discernible  sieula. 
Fig.  &.—D.  Ruedemanni,  Gurley.     X  10. 

f. —  Inside  of  funicle. 

c. —  Inside  of  central  disc. 
Fig.  7. — D.  Ruedemanni,  Gurley.     x  2. 

The  basal  cyst  is  broken  out. 

pn. —  Impression  of  basal  cyst. 
Fig.  8. — D.  pristis,  Hall,     x  3. 
Fig.  Q.—B.  pristis,  Hall.     X  2. 
Fig.  10.— i?.  Ruedemanni,  Gurley,  X  |. 
View  of  the  under  side. 


J 


PLATB  1. 


^ 


Fig.  1. — O.  Jiu&Iemanni,  Gurley.     X  *>■ 

Shows  middle  plate  of  basal  cyst. 
Fig.  2. — P.  Ruedemanni,  Gurley.     x  6. 
Fig.  3. — D.  Ruedemcmni,  Gurley, 
Fig.  4. — D.  Ruedemanni,  Gurley. 

b. —  Elastostyle. 
Fig.  5. —  Restoration  of  D.  pristin, 
Fig.  6. — D.  pristis,  Hall,    Young  rhabdosorae, 

h. —  Hydrocaulua. 

V. —  Virgula. 


Plats  III. 
Diplographis  pristia,  Hall. 
Figs.  J,  2,  3.— Siculas.     x  2. 

Fig.  3a. —  Natural  size. 

Fig.  3b.— Basal  cyst,     x  6, 
Figs.  4,  5,  6,  7.—  Toung  hydrosomes.     x  2. 

Khabdosomes,  with  one  theca  each. 

Fig,  6a. —  Basal  cyst,     x  6. 

Fig.  7a.—  Basal  cyst,     x  4. 
Figs,  8,  9. —  Young  hydrosomes.     x  2. 

Ehabdosomes,  with  two  thecfe  each. 
Fig.  10. —  Young  hydrosome.     X  2. 

Ehabdosome  with  three  hydratheoEB. 
Fig.  11, —  Young  primary  hydrosome.     X  2. 

Rhabdosome,  with  five  thecfe. 
Fig,  12. —  Young  primary  hydrosome.     X  3, 

Khabdosome  with  seven  thecie. 
Fig.  13. —  Young  primary  hydrosome.     X  2, 

Khabdosome  with  11  thecse. 
Fig.  li. —  Young  primary  hydrc 

Rhabdosome  with  13 
Figs.  15,16. —  Hydrosome  with  firstgenerationofsicolae.    x  B.  ' 

h, —  Hydrocaulus  of  primary  rhabdosome. 
Fig.  17. —  Hydrosome  with  first  generation  of  siculm.     x  2. 

The  hydrocauli  have  grown  longer. 
Fig.  18. —  do.    The  siculse  have  begun  to  produce  thecfe.     x  2. 
Fig.  19. —  Hydrosome,  with  first  generation  of  rhabdosomes. 
X  2. 

a. —  Primary  rhabdosome. 
Fig.  20. —  Hydrosome  with  second  generation  of  gonangia  and 

siculaj,     X  2. 
Fig.  21.—  do.     x  2.        , 

Fig.  2Ia. —  Center  of  hydrosome.     x  4. 
Fig.  22. —  do.     Natural  size. 

Fig.  s, — Sicula,  arrested  by  hydrocaulus. 

Fig.  22a,—  x  2. 
Fig.  23.— do.     Natural  size. 

Fig.  23a. — Central  disc  with  pit.     x  2. 
Fig.  24 — Adolescent  hydrosome.     Natural  size. 

Two  generations  of  rhabdosomes  {I  and  II)  and  one 
of  gonangia  (g). 
Fig.  25. —  Central  disc  with  two  sicula.     x  4. 
Fig.  26. —  Central  disc  with  four  siculse.     x  4, 
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Diplograptna  pristia,  Hall. 


Fig.  1.  I>ij)lograpiitspriatit,Qall    Natural  size.    Hudson  rivarj 
shale,  Albany,  N.  T. 


Diplograptua  priatiB,  Hall. 


Diplograptiu  BuedemEUini,  Ourley. 
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A  Revision  of  the  Sponges  and  Coelenterates  of 
the  Lower  Helderberg  Group  of  New  YorL 


By  GEORGE  HEEtBEBT  GIBTY. 


Since  1861,  when  Prof.  James  Hall  published  volame  3  of  the 
Palaeontology  of  New  York,  no  systematic  review  of  the  Lower 
Helderberg  fauna  has  been  attempted.  During  that  time  the 
fossils  of  this  period  have  been  much  studied^  not  only  in  New 
York  but  elsewhere,  and  many  additions  have,  been  made  both  in 
genera  and  species. 

Specimens  from  the  Lower  Pentamems  and  Tentaculite  beds 
of  the  New  York  series  are  generally  difficult  to  manipulate,  on 
account  of  the  refractory  nature  of  the  very  hard  and  sometimes 
siliceous  limestone  which  forms  their  matrix.  On  the  other  hand; 
those-  from  the  Shaly  limestone  are  usually  somewhat  crushed. 
However,  in  certain  layers  of  this  horizon  exposed  at  the  Indian 
Ladder,  in  the  Helderberg  mountain,  the  fossils  occur  very  per- 
fectly silicified,  and  at  the  same  time  the  matrix  is  more 
calcareous  than  is  usually  the  case.  This  fortunate  concurrence 
renders  it  possible  to  etch  the  rock  successfully,  and  specimens 
obtained  in  this  way  compare  not  unfavorably  with  the  products 
of  recent  dredgings.  Delicate  fronds  of  Fbbbstslla,  arborescent 
Bryozoans  and  spiny  forms  of  Cbania  are  not  uncommon, 
together  with  sponge  spicules,  annelid  teeth,  embryonic  trilobites, 
and  other  minute  organisms  which  could  not  be  obtained  by 
ordinary  methods,  since  they  would  not  be  observed  in  the  field. 

The  fauna  itself  is  remarkable  in  many  ways.  In  certain  geo- 
logical horizons,  probably  owing  to  contrasting  physical  conditions, 
the  different  zoological  groups  were  markedly  localized.  With  the 
Lower  Helderberg  Group  it  is  different.  The  conditions  seem  to 
have  been  congenial  for  the  growth  and  preservation  of  nearly 
all  kinds  of  marine  life  at  different  periods  during  the  deposition 
of  thes3  strata,  and  in  a  single  locality  as  many  as  500  species  are 
known  to  occur,  representing  all,  or  nearly  all,  the  fossil  families 
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then  existing.  Certain  forms  also  enjoyed  a  remarkable  derelop- 
ment,  notably  the  triJobites,  in  Aoidaspis  and  wonderful  types  of 
LiGHAB  and  Dalmanitbs. 

This  group  of  beds  is  of  especial  interest  in  view  of  its  posi- 
tioD,  transitional  between  the  Silurian  and  Devonian  ages,  and  its 
possession  of  strong  and  very  interesting  faunal  relations  with  the 
Niagara  and  Oriskany  periods.  Recent  discussions  have  brought 
these  faunal  relations  into  prominence  and  have,  to  a  certain 
extent,  necessitated  a  revision  of  this  fauna. 

With  a  few  exceptions  the  specimens  upon  which  the  following 

I  observations  are  based  all  come  from  typical  localities  in  the 
Helderberg  mountains  of  Albany  county,  N.  Y. 

In  this  paper  I  have  covered  the  ground  only  as  far  as  the 
Echinoderms,  but  have  endeavored  to  includeallspeciesdescribed 
Hp  to  the  present  time  from  the  Lower  Helderberg  strata  in  New 
Tork.  A  few  new  species  are  described,  and  wherever  the  material 
has  afforded  data  as  to  unknown  or  questioned  structures,  this  class 
of  facts  is  also  added,     This  is  especially  noticeable  in  the  case 

'  of  the  genera  HiNDii.  and  Reoeftacdli feb.  Of  the  structure  of 
the  latter,  a  remarkable  specimen  has  suggested  a  new  stand- 
point for  the  interpretation  of  its  structure  In  the  case  of  Hindu, 
nothing  is  added  to  our  present  knowledge,  but  Rauj-f's  views 
have  been  completely  corroborated  in  a  few  disputed  points. 
The  work  done  in  this  review,  while  it  includes  some  of  the  more 
perplexing  organisms  among  invertebrate  fossils,  does  not,  from 
its  incompleteness,  warrant  any  conclusions  as  to  the  geologic 
age  of  the  Lower  Helderberg  fauna,  but  may  form  a  starting 
point  for  investigations  which  will  definitely  determine  that 
question. 

New  Haven,  June  1,  1894. 
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Order  LITHISTIDA. 

Suborder  EUTAXICLADINA. 

Family  HiNDiiDiE,  Rauflf. 

Hindia,  Duncan. 

HiNDiA  FIBROSA,  Roemer,  (sp.)  1800. 

iJalamopora  fibrosa  (not  C  fibrosa,  Groldfuss),  Roemer,  1800.    Fauna  des  Westl. 

Tenn.,  p.  20. 
Astylospongia  inomata,  HaU,  1868.    Sixteenth  Rept.  New  York  State  Cab. 

Nat.  Hist.,  p.  70. 
Sphoerolites  Nicholsoni,  Hinde,  1875.    Abstract,  Proc.  QeoL  Soc.,  p.  Ixxxviii. 

In  Q.  J.  G.  S.,  vol.  81. 
Hindia  sphceroidaliSj  Duncan,  1879.    Ann.  Mag.  Nat.  Hist.  (5),  vol.  4,  p.  84. 
Hindia  fibrosa.  Miller,  1889.    N.  Amer.  Geol.  and  Pal.,  p.  160. 
Hindia  tphceroidalis,  Ulrich,  1890.    Geol.  Surv .  lUmois,  vol.  VIII,  p.  326  et  seq . 

The  first  name  which  this  sponge  received  is   Calamopora 

Jlbrosa,  Roemer.     Although  the  term  arose  from  an  incorrect 

identification  of  one  of  Goldfuas's  species,  this  is  no  reason  for 

rejecting  the    specific  name    in  favor    of    one  of    later  date, 

especially  as  these  two  species  belong  to  widely  different  genera. 

The  structure  and  position  of  Hindia  have  for  years  been  the 
subject  of  considerable  contention,  but  it  may  at  least  be  affirmed 
that  Hindia  is  a  siliceous  sponge,  and  belongs  to  the  order  of 
Lithistida.  Yet  this  conclusion  does  not  stand  without  a 
challenge.  Dqnoan  asserts  the  calcareous  nature  of  the  sponge, 
and  only  recently  Steinmann*  has  denied  that  it  is  a  sponge  at 
all  but  considers  it  a  Favosite  coral. 

As  to  the  nature  and  mode  of  union  of  the  spicular  elements, 
the  later  investigations  of  Hindb  "  confirm  the  careful  descriptions 
of  Hindia  given  in  Rauff's  paper  in  nearly  every  respect,"f  but 
his  conclusions  as  to  its  systematic  position  are  not  the  same. 
While   HiNDE  considers  the  genus  more  nearly  related  to  the 

*Stcin'ma.V!«.  18S6.    Neues  Jabrb.  Mln.  1, 1  Heft,  p.  91. 
f  HiNDK,  1887.    Ann.  Mag.  Nat.  HUt.  (5),  p.  75. 
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Anamocladina  (1.  c),  Radff  rflfera  it  without  hesitation  to  the 
■Tetracladina. 

Ulsich's  obserTations  and  conclusions  "  respecting  the  minute 
structure  of  the  sponge  agree  very  closely  with  those  of  both 
Rauff  and  Hindk,"  but  he  follows  the  former  in  placing  HiSDtA 
with  the  Tetracladina.  He  describes  the  structure  of  the  sponge 
as  follows : 

"  The  individual  spicules  have  four  rays  or  arms  extending  from 
an  inflated  center.  Three  of  the  rays  are  nearly  straight,  of 
nearly  equal  length,  with  their  extremities  expanded  mostly  in  a 
vertical  direction.  ISy  their  union  a  tripod-shaped  body  is  formed, 
from  the  upper  surface  of  which  the  short  fourth  ray  projects. 

"  The  connected  structure  of  the  skeleton  is  easily  understood 
after  we  have  once  determined  the  true  form  of  ihe  individual 
spicules.  In  the  first  place  the  spicules  form  rather  regular  con- 
centric layers,  in  which  the  individuals  are  arranged  alternately 
so  that  any  one  portion  of  each  spicule  is  placed  directly  over  or 
beneath  the  corresponding  portion  of  the  spicules  of  the  third, 
fifth,  seventh  and  ninth  layers.  The  stumpy  fourth  ray  is  always 
directed  toward  the  exterior,  while  the  three  tripodal  rays  extend 
toward  the  central  nodes  of  three  adjacent  spicules  of  the  layer 
immediately  beneath.  The  upper  portions  of  the  expanded 
terminations  in  each  case  clasp  about  one-third  of  the  fourth  ray 
of  the  latter,  while  the  lower  portion  extends  downward  in  a 
recurving  manner  to  the  node  or  fourth  ray  of  the  spicule 
directly  beneath  it." 

This  description  differs  in  two  particulars  fpom  the  structure  as 
worked  out  by  Rauff*  and  corroborated  by  IIihde.  E»uff 
showed  that  the  union  of  the  spicules  does  not  take  place  by  the 
junction  of  the  frilled  ends  of  their  rays  with  each  other,  as 
stated  by  Ddbcan,  at  first  accepted  by  HiHDK,t  and  as  the  above 
quotation  certainly  implies.  Their  mode  of  union  is  well  shown 
in  figure  2,  plate  II. 

The  tripodal  rays  are  smooth  on  the  inner  and  toothed  on  the 
outer  side.J     The  union  is  effected  in  the  following  manner:  The 

•  B.  BioFF,  ]8Se.    BItzuDRBber.  Nlederrh  OeseltKh.  la  Bonn. 

t  Hindi.  1BS3.    Cat   Foea.  Spongeaot  Brit.  Hua.,  p.  Br. 

i  —  "UDddandle  VerblnduDg  In  die  WeEse  K«cbteht  dauB  dsa  BusfrebrelUle  and  KHiihoelte 
EUijIcbNi  dM  clnen  4niiM  Kegen  du  Is  dnnelbsD  K>Dklimchi>n  lleKende  conieie.  rbeDMl* 
geiUbnelte  irmmlUal»lUck  An'isDlgea  mitllch  benacbbartBD  ElemeolM  aliiHt,  d«Ben  Eoolen- 
punktaictiC  mlcdea  EriUa  uiT  deniMllMD  Quenchnlit  Uest,  aondern  Klelchaani  Id  eliierb>lb« 
Eiii,t«peniferiiDDB  (luUbe  Vtlwbeiibiihle)  duUber  Oder  duuuter  (fUcrr.  1.  c.  p.  BX 
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expanded  and  dentate  terminus  of  one  arm  is  supported  upon 
the  central  dentate  portion  of  the  arm  belonging  to  the  spicular 
element  laterally  adjacent,  whose  center  does  not  lie  in  the  same 
canal  face  as  that  of  the  first,  but  half  a  mesh-length  above  or 
below  it.  (R^uFF  1.  c.)  He  explains  Duncan's  figures  (Ann.  Mag. 
Nat.  Hist ,  1879,  vol.  lY,  pi.  IX,  figs,  la,  2,  2)  by  supposing  that 
they  have  been  drawn  from  a  tangential  section  of  the  sponge  in 
which  the  real  union  of  the  spicules  can  not  be  distinguished. 

Neither  Hinde  nor  Rauff  makes  any  mention  of  the  re- 
curvature  of  the  tripodal  ray  to  the  node  of  the  second  row 
beneath  or  toward  the  center,  as  described  by  Ulrioh.  Kauff 
does  say,  however,  that  possibly  the  aborted  fourth  ray  may,  in 
some  cases,  be  prolonged  outward  to  join  the  node  of  the  next 
spicule  above,  on  the  same  corner  of  the  canal,  thus  strengthening 
the  connection  and  materializing  the  angle.  He  thinks,  in  fact, 
that  he  has  observed  this  prolongation  in  one  instance.  On  the 
other  hand,  the  atrophy  of  the  fourth  ray  seems  natural,  if  it  is 
considered  that  the  inflated  terminations  of  the  arms  are  often 
so  strongly  prolonged  that  they  impinge  upon  the  central  node 
of  the  spicule  with  which  they  are  bound.  This  lateral 
outgrowth  in  the  course  of  time  must  stunt  the  fourth  arm 
(Racff  1.  c). 

My  own  observations  on  Hindia  confirm  those  of  Ra.ujf  in 
every  essential  particular.  The  only  exception  is  that  the  spicules 
in  the  Lower  Ilelderberg  specimens  seem  a  little  more  slender, 
and  the  whole  spicular  net-work  more  light  and  elegant  in  con- 
sequence. Neither  have  I  seen  the  prolongation  of  the  fourth 
ray  above  alluded  to. 

Upward  of  175  specimens  of  Ilindia  fibrosa  have  been 
examined  by  me,  and  I  have  observed  the  individual  spicules 
well  preserved  in  but  one  instance.  In  this  example,  the  charac- 
ter of  the  spicules  themselves  and  of  the  whole  spicular  frame- 
work, has  been  maintained  with  a  fidelity  and  perfection  that 
leaves  little  to  be  desired.  The  specimen  in  question  has  an  outer 
coating  of  pyrite.  The  interior  is  limonite,  becoming  somewhat 
ochreous  toward  the  center.  The  sponge  skeleton  appears  as  a 
polished  and  exceedingly  perfect  cast  in  which  the  shape  and 
mode  of  union  of  the  constituent  spicular  elements  are  clearly 

portrayed. 

34 
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f  A  few  examples  exhibit  a  singular  condition  of  preservation, 
and  shon*  a  striking  resemblance  to  a  minute  Fa vosite  coral.  The 
radiating  canals  appear  to  be  bounded  by  walls  of  silica,  which 
are  pierced  at  regular  intervals  by  pores.  The  walla,  however, 
are  seen  to  be  double,  preserving  between  them  an  imperfect  cast 
of  the  spicular  framework.  This  framework  e\'idently  had  been 
overlaid  by  a  Biiicooiis  deposit,  then  the  colloidal  silica  of  the 
spicules  replaced  by  calcite,  and  the  whole  sponge  filled  in  with 
the  muddy  sediment  which  now  forms  its  matrix. 

In  a  large  majority  of  specimens,  the  original  siliceous  elementit 
of  the  sponge  have  been  imperfectly  replaced  by  calcite,  "When 
not  decomposed,  sections  of  these  show  well-developed  walls,  ift 
which  the  spicular  mesh  is  indistinguishable  from  the  secondaiy 
deposit. 

All  stages  exist  between  specimens  where  the  walls  of  thft 
radiating  canals  are  well  preserved  and  prominent  upon  the  SMV 
face,  suggesting  a  globular  form  of  Ch^tktes,  to  others  in  whicll,i 
the  tube  walls  have  been  dissolved  out,  and  the  sbaly  matrix  re> 
duced  to  a  soft  and  somewhat  ochreous  mass.  Silicified  examplM- 
exist  chiefly  as  casts.  The  radiating  canals  are  representetl  hj^i 
radiating  pillars,  and  these  are  connected  with  one  another  by, 
trabecular  processes  representing  the  pores  which  originally  con- 
nected the  canals  into  a  common  system.  In  a  few  specimens, 
traces  of  the  original  spicules  seem  to  be  preserved. 

I  doubt  if  in  any  of  the  Lower  lielderberg  specimens,  there  is 
a  true  replacement  by  pyrite,  where  the  iron  in  solution  replaces 
the  original  material,  molecule  for  molecule,  thus  preserving  the 
minute  structure  of  the  organism.  However,  in  specimens  com- 
ing from  a  certain  layer  of  the  Shaly  limestone,  a  crude  pyritiza- 
tion  occurs,  and  such  specimens  can  be  nicely  etched.  Inasmuch 
as  the  pyrite  is  granular  and  the  structure  no  better  preserved 
than  in  other  examples,  it  seems  probable  that  small  crystals  of 
pyrite  are  really  embedded  in  or  cemented  by  silica.  This  con- 
clusion is  substantiated  by  a  specimen,  half  of  which  is  preserved 
in  this  way  as  pyrite,  and  the  rest  appears  as  an  encrusting  shell 
of  silica  in  the  manner  above  described. 

In  a  specimen  to  which  reference  has  been  made,  and  the  only 
one  which  preserves  the  original  structure  of  the  sponge,  nearly 
the  reverse  of  this  process  seems  to  have  occurred.    The  spicular 
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framework  was  probably  overlaid  with  pyrite  while  it  was  still 
in  a  perfect  condition.  The  spicules  themselves  were  then  dis- 
solved out,  and  a  deposition  of  pyrite  over  the  exterior  sealed  up 
the  structure  from  further  alteration.  An  oxidization  of  the 
pyrite  at  the  center  to  limonite  finally  reduced  the  specimen  to 
the  condition  in  which  it  is  now  presented. 

The  evidence  afforded  by  the  Lower  Helderberg  specimens  as 
to  the  original  composition  of  Hindia  is  anything  but  conclusive, 
and  at  first  sight  seems  to  contradict  the  siliceous  nature  of  the 
sponge.  Specimens  of  Lysaotinella,  the  undoubted  Hexactinel- 
lid  genus  described  below,  are  represented  in  the  majority  of 
cases  by  amorphous  pyrite,  while  Hindia,  as  before  stated,  is  never 
so  preserved.  On  the  other  hand,  a  few  examples  of  Ltsaotin- 
BLLA  are  replaced  by  crystalline  pyrite,  and  no  calcareous  tests 
occur  pyritized.  Thus,  while  Hindia  differs  in  preservation 
from  most  examples  of  a  known  siliceous  organism,  it  is  also  un- 
like the  brachiopods  and  other  calcareous  forms  from  the  same 
beds  which  are  usually  silicified.  In  view  of  its  structure,  which 
is  clearly  Lithistidan  in  type,  and  of  the  facts  adduced  by  Kinds  ' 
and  Kauff,  despite  its  ambiguous  preservation-characters,  the 
preponderance  of  evidence  is  plainly  in  favor  of  the  position 
taken  by  those  writers,  that  Hindia  is  a  siliceous  sponge  of  the 
order  Lithistida. 

The  smallest  specimen  observed  by  me  in  the  collection  is  6 
ram.  and  the  largest  G4  mm.  in  diameter.  This  shows  a  much 
greater  range  in  size  than  noticed  by  Hindk,  whose  measurements 
are  13  to  45  mm.,  or  by  Kauff  who  gives  10  to  45  mm. 

Formation  and  locality. —  Lower  Pentamerus  and  Shaly  lime- 
stones of  the  Lower  Helderberg  group,  at  Clarksville,  Indian 
Ladder,  and  other  localities  in  New  York.  The  same  species  is 
cited  from  the  Silurian  of  Russia,  Scotland,  Germany,  New 
Brunswick,  Indiana,  Kentucky,  western  Tennessee  and  Minnesota. 

Order  HEXACTINELLIDA. 

Suborder  LYSSACINA. 

Lysactinella,  gen.  nov. 

The  presence  in  the  Lower  Helderberg  Group  of  a  hexactinellid 
sponge,  belonging  to  the  Lyssacine  order,  was  first  made  known 
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from  casts  of  spicoles  in  a  phosphatic  nodule  coming  from  the 
Shaly  iiiiiestone.  For  more  tlmn  four  years  Professor  0.  E, 
Beecher  has  had  in  his  possession  such  noiiules,  free  spicules,  and 
sections  of  an  entire  specimen  from  the  same  horizon. 

It  lias  been  the  custom  to  place  in  Hyalostelia  dissociated  hex- 
actinellid  spicules  of  various  forms.  The  type  of  thb  genus  is 
Ilyalonema  Smiihi,  Young  and  Young,*  from  the  Carboniferous 
strata  of  England.  The  spicules  described  by  these  writers  are 
of  three  kinds,  "  {a)  nail-like,  some  with  four  tapering  generally 
unequal  arms,  a  fifth  projecting  at  right  angles  to  these,  others 
approaching  the  sexradiate  type  by  the  projection  of  a  rounded, 
sometimes  stalked  process,  opposite  to  the  fifth;  (^)  sexradiate, 
with  the  arms  of  various  sizes  but  always  projecting,  and  of  vari- 
ous number,  either  by  reduction  or  by  tho  adhesion  of  other 
spicules;  {c)  long,  smooth,  slender,  tubular  rods  (the  Serpula 
para/^e^,  M'Coy)  tapering  toward  the  extremity  and  ending  in 
the  anchoring  booklets,  the  tip  of  the  rod  being  either  not,  or 
only  slightly  inflated." 

The  spicules  thus  enumerated  and  described  were  referred  by 
the  writers  to  the  existing  Lyssacine  hexnctinellid,  Htalokkha. 
Id  1&79,  two  years  later,  ZriTELf  recognized  Hyalonema  Smiihi 
as  a  distinct  form  and  proposed  f'>r  it  the  n:iiiic  IfvALOHTKi.iA.  In 
18S3  IliNOf!}:  proposed  to  limit  the  type  species  "to  the  simple 
hexactinellid  spicules,  which  are  the  most  abundant  forms  in  the 
beds  at  Cunningham  Baidland,  and  to  the  spicular  rods  with  or 
without  four  anchoring  hooks  at  their  termination."  The  abnor- 
mal spicules  were  shown  to  belong  to  a  form,  subsequently 
described  by  Carter  as  Ilolasterella  conferta. 
•  The  form  of  the  sponge  in  IIvALosTELii  and  the  range  of  its 
spicular  elements  are  unknown.  The  fundamental  conception  of 
the  species  by  Yoono  and  Young  seems  to  have  been  its  stalked 
condition  wherein  it  resembles  IIyalonema.  The  Lower  Ilelder- 
berg  species  here  discussed  is  from  a  widely  different  horizon. 
Since,  moreover,  there  is  no  evidence  that  it  once  possessed 
anchoring  spicules,  it  seems  impossible  to  refer  it  to  IIvalostklia. 
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Therefore  to  receive  this  and  allied  forms,  I  have  proposed  the 
generic  name  Lysaotinella."* 

The  material  on  which  this  geaus  is  established  consists  of 
spicular  casts  in  phosphatic  nodules,  isolated  spicules,  and  an 
entire  sponge.  The  free  spicules  are  preserved  mostly  as  pyrite, 
b.ut,  in  a  few  examples,  they  are  silicified.  Two  types  of  these 
spicules  are  recognizable  ;  one  extremely  ornate,  the  other  simple 
and  without  spines.  The  complete  specimen  mentioned  contains 
only  the  simpler  sort  of  spicules.  In  the  large  collection  of 
Lower  Helderberg  sponges  examined,  no  other  entire  specimen 
of  Ltsaotinella  was  found.  This  must  fairly  represent  the 
various  constituent  spicular  elements  of  the  sponge,  and  probably 
its  original  form. 

In  shape  it  is  a  flattened  sphere,  and  in  this  particular  is 
indistinguishable  from  the  ordinary  IIindia.  A  polished  section, 
however,  clearly  distinguishes  the  two  types  of  structure,  and 
the  regular  radiating  canals  of  Hindia  are  very  characteristic. 

This  genus  will  also  include  a  number  of  Silurian  hexactinellid 
sponges,  known  only  by  scattered  spicules,  especially  when  there 
is  no  reason  to  believe  that  they  were  attached  by  a  basal  tuft  of 
anchoring  spicules,  as  in  Patiersonia  or  IIyalonema.  Among 
such  would  be  numbered  Ulrigh's  Ilyalostelia  solivaga  mentioned 
as  isolated  hexacts  accompanying  Hindia  jibroHa.\  This 
species  may  be  identical  with  Lysactlnella  Gebhardi^  described 
below. 

Sponge  spherical  to  subs))herical,  sessile,  i.  e.,*  without  anchor- 
ing spicules.  Spicules  (hexacts,  pentacts,  tetracts,  etc.),  without 
such  modifications  as  in  Holasterella^  obscure  the  systematic 
arrangement  and  number  of  the  spicular  axes. 

Lysactinella  Geijhardt,  sp.  nov. 

Plate  I.  figures  1-21. 

Sponge  flattened-spherical,  composed  of  hexacts,  pentacts,  etc. 
Arms  of  the  s])icules  simple  rods,  without  ornamentation  of 
nodes  or  spines. 

As  seen  in  section,  this  sponge  appears  as  a  mass  of  uncemented 
spicules,  so  great  in  number  that  it  is  ditlicult  to  ditlerentiate 
individuals.     These  vary  considerably  in  size  and  also  in  char- 

♦  h'ju)^  1  loose,  and  cix^rjV,  spicule. 

tULRiCH,  1890.    OpoI.  Surv.  IJliiu.is,  vol  VIII,  p.  S»e. 
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I'  Kcter.  In  determining  the  latter  there  is  a  degree  of  uncertainrt't 
h  necessarily  dependent  on  viewing  only  one  plane,  which  cuts  att 
I  object  whose  members  lie  in  three.  The  original  arrangement  of 
I  the  spicules  has  doubtless  been  lost,  as  they  lie  in  great  confusion, 
I  but  usually,  at  or  near  the  outside  of  the  section,  a  number  of 
I  spicules  can  be  distinguished  which  may  be  referred  with  consid- 
t  arable  certainty  to  the  dermal  layer.  These  spicules  are  larger 
t  than  the  other  sponge  elements,  and  appear  to  be  pentacts,  which 
I  rather  favors  the  conclusion  that  they  ^vere  originally  of  a, 
^  dermal  position  and  character. 

[■      There  is  every  reason  to  believe  (hat  the  remaining  spicules  arft 
I  liexacts  or  tetracts,  and  that  monacts  also  are  present.    As  all 
\  Me^  spicules  distinguishable  in  these  sections  are  composed  of 
I  Bimpte,  straight  rods,  destitute  of  spines,  I  have  placed  in  another 
I  ^P^^^  ^^^  elaborate  and  spinose  forms  found  free,  and  have 
k  referred/to  Lymciinella  Gehhardi  the  simple  elements,  whether 
I  occurring  free  or  as  spicular  casts.     In  section  a  few  of  the  spio- 
I  mes  appear  to  have  five  arras  in  a  single  plane,  with  the  possibility 
I  of  two  others  at  right  angles  to  them.     This  may  be  the  case,  or 
L  It  may  be  the  result  of  the  imperfect  orientation  of^the  arma 
I  geomatrically.    This  is  not  uncommon  and  might  permit  a  seo- 
\  tion  to  cut  portions  of  five  hexactinellid  arms.     At  all  events,  the 
number  of   such  iibnonnal  instances  is  so  small  that  it  can  not 
affect  the  systematic  position  of  the  sponge.    An  outline,  natu- 
ral size,  of  a  section  taken  near  the  center  of  the  specimen  is 
given  on  Plate  II,  figures.     It  measures  in  width   23  mm.;  in 
height  9  mm.- 

Ly6actinella  pereleqanb,  sp.  nov. 
Plate  I,  figures  22-31;  Plate  II,  figure  1. 
Body  of  the  sponge  noi  known.     Spicules  ornate,  with  various 
arrangements  of  spines,  thorns,  etc. 

Horizon. —  Both  these  species  are  found  in  the  Shaly  limestone 
at  the  Indian  Ladder,  Albany  county.  New  York. 
INCERTAE  SEDIS. 
Ischadites,  Murchison,  1839. 
IsouADiTEs  Squamiteb,  Hall,  1859. 
IMc(!/ocrint7M,  Conrad,  1911.     Ann.  Rep.  Geol.  Surv.  New  York,  plate,  fig.  23. 
Dietyocriniles  aqiiamifer.  Hall,  1859.     Pal.  New  York,  vol.  Ill,  p.  135. 
ReceptacvlHes  squami/er.  Hall,  1883.    Rep.  State  Geologist  for  J682,  expl.  PI. 
XXIII,  figa.  1,  2. 
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Ischaditea  aquamifer,  HaU,  1887.    Pal.  New  York,  vol.  VI,  p.  291,  PL  XXIY, 

figs.  1,  2. 
Receptactdites  squamifer.  Miller,  1889.    N.  Amer.  GteoL  and  Pal. ,  p.  164. 
Horizon.    Shaly  limestone.    (Hall,  1859.) 

Receptaculites,  De  France,  1827. 

Reoeptaculites  infundibuliformis,  Eaton,  1882. 

Coaeinopara  infundibuliformis  (not  Goldfuas),  Eaton,  1882.  (Geological  Text- 
Book,  p.  44,  PI.  V,  figs.  64,  65. 

Receptaculites  infundibuliformis  (Eaton),  Hall,  1868.  Sixteenth  Rep.  New 
York  State  Cab.  Nat.  Hist,  p.  67. 

Receptaculites  infundibuliformis  (Eaton),  Hall,  1888.  Bep.  State  Geologist  for 
1882,  expl.  PI.  XXIII,  fig.  10. 

Receptaculites  moniiculatus,  Hall,  1888.  Rep.  State  G^logist  for  1882,  expl. 
PI.  XXIII,  figs.  8-9,  11. 

Receptaculites  infundibuliformis,  Miller,  1889.  N.  Amer.  (Jeol.  and  Pal.,  p. 
168. 

Receptaculites  monticulatus,  Miller,  1889.    N.  Amer.  G«ol.  and  Pal.,  p.  164. 

Horizon.    Shaly  limestone.    Helderberg  Mountain,  N.  Y. 

Receptdcvlites  monticulatvs=R,  infundifmliformis. — This  spe- 
cies, recognized  by  Hall  as  a  synonym  for  i?.  infundibuliformisy 
is  retained  by  Miller  as  a  distinct  form. 

In  1889,  a  paper  was  read  by  Rauff,  before  the  Deutsche  Gea- 
logische  Gesellschaft,  at  the  August  session,  giving  briefly  the 
results  of  his  work  on  Receptaculites,  Isohadites,  and  Polygono- 
spfl^BiTES,  and  an  abstract  of  the  paper  was  published  in  the 
transactions  of  the  society.*  This  abstract  is  summarized  by 
NioHOLsoNf  as  follows : 

"  1.  The  Receptaculitida)  are  spherical  or  pyriform  bodies,  with 
a  central  closed  cavity,  the  supposed  basin-shaped  examples  being 
only  fragments  of  the  base. 

2.  Each  of  the  individual  spicular  elements  forming  the  wall 
of  the  body  is  composed  of  six  parts,  viz.:  an  external  plate  of 
an  essentially  rhombic  form,  four  diagonally  intersecting  tangen- 
tial arms  which  lie  immediately  below  the  outer  plate,  and  a 
radial  arm  or  pillar  which  springs  from  the  center  of  the  outer 
plate  on  its  inner  side  and  is  directed  perpendicularly  inwards. 

3.  An  upper  and  a  lower  pole  may  be  distinguished  on  the 
exterior  surface,  the  arrangement  of  the  plates  at  these  points 
being  peculiar.     The  basal  pole  (the  starting  point  of  growth) 

•  Rauff.  1888.    Zeltsclirlft  dcr  Deutsoheu  Geol.  Uosellsch.,  Bd.  XL,  Heft  3,  p.  606  ct  seq. 
Nicholson  and  Lydekkeu,  ls89.    Manual  of  Palivontology,  vol.  II,  p.  1568. 
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is  constituted  by  a  circle  of  eight  or  four  plates.    The  apical  pole 
is  closed  by  a  variable,  but  always  large,  number  of  plates. 

4.  Each  of  the  fiv-e  arms  of  the  skeletal  elements  or  spicules 
is  traversed  by  an  axial  canal,  the  canals  of  the  four  tangential 
arms  having  a  conspicuously  fusiform  shape. 

5.  Ttie  radial  arms  or  piliara  terminate  on  the  inner  or  'gas- 
tral '  side  in  a  conical  dilation,  which  is  later.dly  extended  till 
adjoining  pillars  touch.  This  internal  thickening  of  the  radial 
pillars  13  not  furnished  with  a  special  plate,  corresponding  with 
the  external  plate,  and  is  not  penetrated  by  transverse  canals. 

6.  The.  inner  or  'gastral'  wall  of  the  fossil  is  imperforate, 
the  pores  described  by  Billinob  being  the  result  of  fossiUzation. 

7.  The  genus  Ibodadites  agrees  essentially  with  Ukckpfaodliteb 
in  structure,  but  its  skeletal  elements  are  more  slender.  As 
ajtical  aperture  is  in  some  cases  clearly  wanting  in.  Ibobaditbb, 
and  probably  did  not  exist  at  all. 

S.  The  genus  Aoasthoobonia  is  identical  with  Ischaditbs. 

9.  The  geological  range  of  IsonADiTKs  extends  to  the  Upper 
iJevonian. 

10.  The  genus  PuLvoouoapH-EKiTKa  (SpH^ROSfOsoiA)  is  simi- 
larly constructed  to  RKOhPTAoDUTES  as  regards  the  tangential 
unns  of  tlio  spicules,  but  the  radial  arms  or  pillars  are  wanting. 

11.  The  Iiticepta'}itUtlihB  are  not  siliceous  organisms,  but  the 
skeleton  was  originally  calcareous,  and  the  siliceous  examples  are 
the  result  of  siliciBcation.  The  grou]),  therefore,  can  not  be 
referred  to  the  llexactinellid  sponges,  and  its  systematic  position 
is  still  entirely  uncertain." 

These  conclusions,  as  given  by  Raufi',  embody,  in  large  measure, 
the  results  obtained  by  previous  writers  on  Riccei'Tac-vlitks,  and 
furnish  a  basis  for  additional  investigation, 

Upwards  of  twenty  specimens,  including  fragments,  of  Recep- 
tacuUtes  infundihuliforinim  have  been  examined  by  me,  exemplify- 
ing several  different  conditions  of  preservation.  Of  those,  one  in 
which  the  original  tissue  has  been  replaced  by  pyrite,  is  of  unusual 
interest.  The  excellence  of  pyrite  as  a  medium  of  preservation 
for  fossils  is  shown  in  the  recent  discovery,  in  the  Utica  slate,  of 
Trilobites  retaining  antennae  and  other  append  iges.  The  speci- 
men in  question  leaves  little  to  be  desired  in  the  way  of  preserva- 
tion. It  displays  details  of  structure  rarely  indicated,  and  may 
serve  to  throw  some  light  on  the  phylogenetic  position  of  this 
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perplexing  organism.  In  section,  this  specimen,  described  in 
detail  below,  has  the  outline  represented  by  the  diagram  on 
Plate  III,  figure  1.  The  edges  are  ragged,  indicating  that  it  is  not 
complete,  and  probably  preserves  only  the  basal  portion  of  a  form 
which,  when  perfect,  had  somewhat  the  proportion  of  a  pine  cone 
(as  described  by  Rauff).  The  surface  structure  consists  of  ridges 
which  start  from  a  point,  the  basal  pole  (Rauff),  and  radiate 
spirally  in  two  directions,  after  the  manner  of  the  engine-rolling 
on  a  watch.  The  ridges  are  thin,  solid,  high,  and  usually  con- 
tinuous. The  rhombic  depressions  which  they  form  are  well 
marked  and  deep.  This  description  is  true  of  both  surfaces,  but 
that  one  which  is  here  called  the  gastral  surface  has  the  reticula- 
tion much  reduced,  perhaps  one-fourth  the  size  of  the  other.  A 
comparison  of  the  two  surfaces  may  be  made  by  referring  to 
Plate  II,  figure  4,  and  Plate  III,  figure  1.  Both  faces  are  retained 
in  an  equal  state  of  preservation,  an  unprecedented  occurrence 
with  the  Lower  Ilelderberg  RKOEriAouLirES,  the  interior  of  which 
is  rarely  preserved  at  all. 

In  this  incomplete  example,  the  basal  pole  exists  only  on  the 
gastral  surface,  where  it  is  partly  covered  over.  It  may  be 
inferred  with  certainty  from  other  specimens,  that  a  similar  pole 
existed  on  the  outer  basal  surface,  directly  beneath  the  gastral 
one.  In  general  terms  the  organism  consists  of  an  outer  and  an 
inner,  or  gastral  wall,  connected  by  perpendicular  processes. 
Each  of  these  walls  has,  of  course,  an  outer  and  an  inner  surface. 

The  Outer  Wall. 
Plate  III,  figures  2,  3,  4. 

The  radiating  ridges  above  referred  to,  intersect  at  regular  in- 
tervals and  form  slender  pillars  at  those  points.  From  each  of 
these  pillars,  near  its  outer  end,  there  projects  toward  the  right 
a  peg-like  spine,  short,  cylindrical  and  blunt.  Across  the  floor 
of  each  rhomboidal  pit,  between  opposite  angles  run  two  rounded, 
fusiform  channels.  These  channels  extend  well  into  the  corners 
of  the  pit,  where  they  make  slight  indentations.  In  the  middle 
of  each  pit,  at  the  point  of  intersection  of  the  channels,  is  a  still 
further  depression.  This  is  circular  in  outline  or  sometimes 
diamond  shaped,  contracting  slight!}^  as  it  descends,  and,  at  its 
base,  communicates  with  a  tube  which  serves  to  connect  the  inner 

with  the  outer  wall. 

35 
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At  one  time  the  tubes  were  probably  normal  to  the  two  walls, 
but  in  places  they  now  lie  nearly  tangent  to  them.  This  dis- 
[ilacoment,  as  well  as  the  absence  of  the  lower  basal  pole  from 
the  field  of  the  specimen,  is  apparently  due  to  a  skewing  of  the 
walls  as  the  result  of  pressure.  For  the  same  reason,  the  spineB 
above  referred  to  may  have  projected  longitudinally  instead  of 
laterally.  This  is  shown  by  the  fact  that  the  spines  in  this  speci- 
men bisect  the  obtuse  angles,  and  that  the  long  diagonal  of  the 
rhombus  is  normally  directed  horizontally  instead  of  laterally. 

Where  the  tubes  join  the  outer  wall,  their  diameter  is  about 
one  half  that  of  the  rhomboidal  pit,  but  they  diminish  consider- 
ably in  size  as  they  approach  the  gastral  surface.  Whether  the 
tubes  taper  gradually  or  have  a  fusiform  shape,  can  not  be  as- 
serted. They  are  rather  longer  and  more  slender  than  in  R. 
O'oeni,  and  I  think  are  not  fusiform.  The  character  of  the  inner 
or  gaalrally  directed  surface  of  the  outer  wall  is  not  preseoted 
by  the  Lower  Ilelderberg  specimen. 

Tlie  OutraJ  Wall. 
Plate  n,  figures  4  and  6;  PlaUi  III,  Bgurea  8  and  G. 
The  points  where  the  connecting  tubes  meet  the  inner  wall 
are  utiitod  longitiuiinally  by  low,  i-oundeil  flevations  which  a 
fractured  surface  shows  to  be  hollow.  The  channels  thus  formed 
probably  connect  with  the  interiors  of  the  tubes.  The  characters 
of  this  surface  are  obscured  by  the  nature  of  the  pyrite  which  is 
distinctly  granular.  The  inner  wall  has  a  vesicular  structure, 
composed  of  labyrinthine  canals.  Each  tube  terminates  immedi- 
ately beneath  the  center  of  one  of  the  gastral  rhombic  pits,  into 
which,  however,  it  does  not  open  directly,  but  into  the  canal  net- 
work with  which  the  gastral  pits  connect.  Upon  the  gastral 
side  the  rhombic  depressions  are  traversed  by  horizontal  parti- 
tions, situated  a  little  below  the  surface.  These  are  thin  and 
continuous,  and  undoubtedly  represent  some  real  feature  in  the 
original  organization.  It  is  probably  owing  to  these  structures 
that  the  radial  tubes  and  the  canals  of  the  gastral  wall  are  not 
filled  with  the  shaly  matrix,  but  with  a  white  crj'stalline  mineral 
impossible  to  confuse  with  it. 
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Another  feature  of  this  specimen  should  not  escape  notice. 
The  gastral  surface  is  partly  covered,  to  the  depth .  of  3  mm.  in 
places,  by  a  layer  of  minute  acerate  spicules.  They  lie  in  a  con- 
fused mass  and  evidently  are  not  in  sitUj  but,  since  they  are  pre- 
served as  pyrite,  like  the  test,  they  doubtless  belonged  to  the 
organism  itself. 

Reference  has  already  been  made  to  certain  indications  of 
crushing  exhibited  by  the  specimen  in  question.  In  the  region 
of  the  basal  pole  the  walls  are  held  apart  by  the  pillars,  more  or 
less  normal  to  each.  They  gradually  approach  one  another  and 
their  contact  forms  the  limit  of  the  fossil.  That  this  is  not  the 
origiual  condition  is  proved  by  a  fracture,  which  shows  the 
tubes  lying  nearly  parallel  with  the  two  surfaces.  Some  of  them 
retain  a  circular  section,  others  are  flattened  into  an  ellipse^ 
while  many  are  broken  and  biconcave.  (Plate  III,  fig.  8.)  Still 
further  evidence  is  afforded  by  the  condition  of  the  outer  surface. 
Some  of  the  tubes  are  there  seen  to  have  been  forced  up  to  & 
considerable  distance  through  the  rhombic  pits,  and  on  the  same 
surface  the  ridges  are  so  broken  and  crumpled  in  places  that  it 
is  impossible  to  follow  them. 

Another  fine  specimen  in  this  collection  is  that  figured  by 
Hall,  in  Pal.  New  York,  vol.  VI,  Plate  XXIY,  figures  3-7.*  It 
is  probably  a  cast  representing  the  inner  surface  of  the  outer 
wall.  Like  most  Lower  Helderberg  specimens  it  gives  no 
indication  of  the  nature  or  existence  of  a  gastral  wall.  The 
radiating  ridges  are  mostly  absent  or  else  represented  by  low, 
triangular,  sinuous  elevations  which  often  form  circular  basins 
about  the  orifices  of  the  radial  tubes,  instead  of  clear-cut 
rhombic  de[)resslons.  Sometimes  the  points  of  intersection  alone 
are  represented  by  ihonticules,  to  which  reference  has  been  made 
by  Prof.  Hall.  The  tubes  that  run  from  the  base  of  each  rhom- 
bic pit,  form,  from  their  size  and  depth,  a  striking  feature. 

A  group  of  individuals  which  come  next  in  excellence  of  preser- 
vation were  found  in  the  firmer  portions  of  the  Shaly  limestone. 
On  the  whole  the  regular  reticulate  nature  of  the  surface  is  more 
apparent  than  in  that  above  mentioned.  This  is  partly  due  to  the 
fact  that  although  the  radiating  ridges  are  not  prominent,  they  are 

•This  was  the  type  upeclmcu  of  liecfptacuh't^'s  monticulatiui  {Hall,  1883.  Rep.  State  Geologist  for 
188;?,  expl.  pi.  XXIII,  flgs.  3-y,  ll),  before  Prof.  Hall  considered  the  species  a  synonym  of  R.  itifundi- 
huliformis. 
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I  straight  and  continuous.  Farthermore,  these  forms  under  dia- 
Lcussion  are  of  a  comparatively  large  size,  whereas  the  specimen 
I  of  the  monticvlatus  type  is  a  small  one,  representing  only  tha 
1  circumpolap  region,  where  the  reticulations,  as  they  become 
(.finer,  are  less  distinctly  indicated.  The  radial  tubes  appear  only 
|- as  hemispherical  depressions,  one  in  the  center  of  each  rhomb. 
I  Ifo  details  of  structure  are  well  deGned.  Fractures  on  several 
I'flpecimens  show  traces  of  the  extension  of  the  tubes  upward,  and 
1  one  preserves  indications  of  a  rooting  wall.  That  it  is  not  tha 
I  inner  wall  of  the  basal  portion  to  which  it  is  at  present  adjacent 
I  18  shown  by  the  fact,  that  not  only  does  the  upward  prolongation 
I  of  the  tubes  fall  short  of  the  line  that  indicates  the  structure  in 
I  question,  but  furthermore  it  is  continuous  with  the  outer  waU. 
I  It  is  dilScult,  if  not  impossible,  to  determine  the  exact  nature  of 
jpreserration  of  these  specimens.  The  fact  that  they  are  more  or 
riess  silicified  suggests  that  they  represent  the  organism  itself. 
I  On  the  other  band,  since  the  portion  preserved  exists  only  as  a 
I  Burface,  apparently  without  thickness,  it  seems  credible  that  they 
I  are  nothing  more  than  casts.  Tet  tbis  again  is  contradicted  by 
I'tho  detail  of  the  outer  surface,  which,  on  the  whole,  is  the  same, 
fas  that  of  the  pyritized  specimen.  Perhaps  the  forms  in  questioai 
result  from  a  maceration  of  the  original  organism,  producing* 
fossil  which  presents  both  internal  and  external  characters  at  the 
same  time. 

These  specimens  have  all  been  more  or  less  preserved  bj-  silica. 
The  group  described  below  comes  from  the  softer  portions  of 
the  Shaly  limestone,  and  is  represented  chiefly  by  casts.  Many 
exist  only  as  reticulate,  ferruginous  markings  on  a  flat  shaly  sur- 
face, while  others  have,  in  addition,  rows  of  rounded  elevations, 
which  represent  the  tubes  of  better  preserved  examples.  Several 
have  a  circular  rim  which  is  detachable.  As  far  as  can  be  ascer- 
tained froto  the  material  at  hand,  this  rim  uniformly  contains  on 
both  surfaces  the  same  characteristics  as  the  silicilied  specimens, 
but  in  a  state  of  poor  preservation.  The  Lower  llelderberg 
specimens,  all  of  which,  I  believe,  had  a  subspherical  or  conical 
shape  when  mature  and  whole,  are  now  Ihittened  so  that  the 
upper  portion  is  nearly  or  quite  contiguous  to  the  base.  Evidence 
relating  to  this  point  is  scarce,  yet  it  is  thought  that  the  truth  of 
these  statements  can  be  established.    The  loose  rim,  then,  is  the 
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lateral  portion  of  the  organism,  which,  being  even  at  first  the 
thickest  part  of  the  wall,  and  now  double,  proved  less  destructible 
than  the  base  and  the  fragile  top. 

Obsbkvations  on  Other  Lower  Hblderbebg  Speoimhnb.  f^ 

The  form  of  Beceptaoulites  infundibuliformia  is  "  usually 
discoid,  sometimes  broadly  infundibuliform.  The  upper  surface 
is  more  or  less  depressed  with  frequently  a  small  conical  projec- 
tion in  the  center."*  Whether  the  specimens  are  regarded  as 
entire  individuals  of  an  original  saucer  shape,  or,  as  Bauef 
claims,  are  merely  basal  portions  of  a  cone-shaped  test,  the 
orientation  of  the  fossil  is  attended  with  few  difficulties  on 
account  of  the  curvature  of  the  surface  and  the  starting  point  of 
the  radiating  ridges.  The  surface  uniformly  preserved,  which  is 
convex  in  the  better  specimens,  is  either  the  outer  or  inner  sur- 
face of  the  outer  wall.  That  this  surface  is  not  the  inner  wall, 
is  shown  by  the  curvature  and  by  tubes  which  are  seen  in 
traces  directed  upward  from  the  concave  side.  Furthermore  this 
circumstance  is  the  natural  result  of  the  physical  conditions 
which  attend  the  burial  of  such  an  organism.  The  base  would  be 
more  or  less  protected  and  preserved  by  the. bottom  on  which  it 
rested,  while  the  upper  part,  and  later,  the  gastral  wall  of  the 
lower,  would  lie  exposed  to  the  destructive  and  solvent  action  of 
the  sea  until  covered  over  by  the  gradual  deposition  of  sediment. 
As  has  been  said,  which  surface  of  the  outer  wall  is  represented 
can  not  be  determined  in  all  cases. 

In  the  case  of  the  pyritized  specimen  the  curvature  of  the  sur- 
faces is  misleading.  It  suggests  that  the  inner  wall  is  in  fact  the 
outer,  and  that  the  outer  or  concave  side  bounds  the  gastral 
cavity.  However,  the  structure  of  the  coarsely  reticulate  surface 
corresponds  in  a  general  way  to  that  of  specimens  from  other 
horizons  whose  orientation  is  known,  showing  that  it  is  the  outer 
wall.  The  reticulations  agree  in  size  and  character  with  those  of 
the  common  Lower  Ilelderberg  forms.  This  fact  warrants  the 
identification  of  this  fossil  with  li.  infundibuliforinis^  and  at  the 
same  time  confirms  the  orientation  of  surfaces  here  adopted. 

♦  Hall.  18S7.    Pal.  New  York,  vol.  VI,  p.  290. 
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Conclusions. 

Specimens  of  It.  infundihuUfm-mis^  as  ordinarily  preserved, 
are  so  ambiguous  in  character  that  the  current  views  on  Recsp- 
TiccLrrKs  would  probably  have  been  regarded  as  satisfactory 
had  not  a  remarkable  speciineo  opened    the  way  to  a  nei 
interpretation  of  the  structure  of  this  genus. 

I.  The  Form. 

That  Rkckptaculites  and  Isohaditks  were  subspherical,  whe 
entire,  and  inclosed,  or  nearly  so,  is  the  position  taken  by 
BiLLTNOS,  which  Racff  confirms.  Hindk,  however,  follow* 
Saltek,  and  considers  that  laoBAorTEs  alone  bad  this  form,  andj 
that  RKCSFTAcni.iTB3  was  a  fiat,  platter-shaped  organism,  in  which 
condition  it  at  present  usually  occurs. 

The  evidence  afforded  by  the  Lower  Helderberg  ReoBF 
TAcuuTKs  is  not  of  a  positive  character,  but,  on  the  whole,  seenu: 
to  support  the  view  of  Rauff  and  Bn.t.rNG8.  The  regular 
circular  outlines  which  unbroken  specimens  maintain  mighti 
appear  to  indicate  an  exp!anate  organism.  On  the  other  hand, 
a,  homogeneous,  top  shaped  or  spherical  test,  flattened  by  down* 
^vard  pressure,  would  assume  the  same  form.  This  supposition 
is  fitrtlier  borne  oiit  by  the  specimen  with  traces  of  a  roofing 
wall  and  those  with  a  detachable  rim.  If  the  sides  were 
extended  so  as  to  completely  inclose  a  central  cavity,  the  upper 
portion  must  have  been  of  extreme  tenuity. 

II.  structural  Elementa. 
{a)  The  Hummit  Plate. —  According  to  the  generally  accepted 
construction  of  REOEPTicuLnKg,  the  radiating  ridges  should 
represent  part  of  the  matrix  thrust  in  between  the  summit  plates 
of  the  spicules,  the  plates  themselves  being  subsequently 
dissolved  away.  The  radial  tube  would  be  interpreted  as  the 
perpendicular  ray,  and  there  also  should  be  four  other  rays 
forming  diagonals  of  the  rhombus.  Two  of  the  rays  would 
thus  be  directed  lengthwise  or  mcridionally,  and  the  other  two 
at  right  angles  to  these.  Not  only  have  none  of  these  supposi- 
tious summit  plates  been  observed  on  Lower  Helderberg  speci- 
mens, but  there  is  no  evidence  that  they  ever  existed.  Three 
suppositions  concerning  them  are  possible:  (1)  they  were  loose, 
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and,  becoming  detached  before  gradual  deposition  covered  the 
organism,  were  thus  lost ;  (2)  they  were  of  a  different  composi- 
tion from  the  rest  of  the  skeleton  ;  (3)  they  did  not  exist. 

If  these  summit  plates  were  detached  and  lost,  some  trace  of 
them  would  surely  be  found  either  associated  with  the  original 
fossil  or  as  separate  bodies.  Of  the  twenty  or  more  specimens 
belonging  to  the  large  collection  from  this  horizon,  each  must 
have  possessed  many  hundred  plates,  some  of  which  would 
certainly  have  been  found. 

It  seems  improbable,  however,  that  one  ray  of  the  spicule 
should  have  been  different  chemically  from  other  rays  of  the 
same  spicule.  Furthermore  when  we  consider  that  the  rest  of 
the  skeleton  is  preserved  (1)  as  calcite,  (2)  as  pyrite,  (3)  as  silica, 
(4)  as  shaly  casts,  (5)  as  ferruginous  shadows  on  shale,  it  seems 
incredible  that  this  eccentric  ray  should  have  been  of  such 
material  as  to  elude  all  these  phases  of  replacement.  Moreover, 
everything  goes  to  show  that  the  radiating  ridges  are  an  integral 
part  of  the  original  skeleton,  and  not  an  infiltration  or  an 
impression  of  the  matrix.  They  are  too  high  and  regular  to 
warrant  this  idea,  and,  furthermore,  they  are  preserved  as  pyrite 
like  the  rest  of  the  organism,  while  the  matrix  is  shale,  and  the 
filling  between  the  two  walls  celestite(?).  The  evidence,  there- 
fore, seems  conclusive  that  the  spicular  summit  plates  claimed 
for  the  organism  did  not  exist. 

(5)  The  Tangential  Rays, —  The  same  conclusion  is  inevitable 
regarding  the  four  tangential  rays.  A  carefiil  examination  of  all 
accessible  specimens  shows  no  trace  of  such  structure.  They  can 
not  be  the  radiating  ridges,  for  these  partake  of  the  nature  of 
partitions  rather  than  of  spicules,  i,  e.,  they  are  solid,  thin  and 
high.  Moreover,  the  orientation  of  the  ridges,  which  are  not 
longitudinal  and  horizontal,  respectively,  as  the  spicular  rays  are 
said  to  be,  precludes  such  an  interpretation.  The  only  features 
that  bear  resemblance  to  the  missing  spicules  are  the  short  spines 
which  project,  one  for  each  rhomb,  from  the  intersections  of  the 
radial  ridges.  If  these  are  the  tangential  rays,  there  is  no  evi- 
dence of  the  three  other  rays  and  the  summit  plate.  Further,  if 
this  is  such  a  ray  it  has  become  disconnected  from  the  "  radial 
arm,"  and  joined  to  the  ridge  with  which  it  should  have  no 
organic  union. 
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(o)  Hie  Radial.  Pillar. —  There  can  be  no  question  that  the 
Btructare  here  called  the  radial  tube  or  canal  is  the  perpendicular 
Bpicular  ray  of  other  writers.  Inasmuch  aa  it  has  been  shown 
that  the  live  other  rays  of  the  spicule  did  not  exist,  it  seems 
illogical  to  denominate  this  structure  in  any  sense  a  spicular  arm. 
The  fact  that  the  central  canal  is  so  large  in  comparison  with  the 
Burrounding  integument,  taken  in  conjunction  with  the  relation 
of  these  bodies  to  the  outer  and  inner  walla,  leaves  little  doubt 
that  they  were  really  tubes  and  did  not  partake  of  the  nature  of 
spicules.  Moreover,  the  tubes  appear  to  terminate  at  the  bottom 
of  the  rhombic  pits,  and  this  character  both  argues  against  their 
original  spioular  nature,  and  suggests  the  probability  that  tlieyn 
were  never  connected  with  a  summit  plate. 

m.  The  Poles. 

In  the  Lower  Ilelderberg  specimens  of  7?.  in/undiliuliformi§^ 
the  upper  part  has  been  destroyed,  but  the  basal  portion  has,  on  botl 
jts  outer  and  inner  surface,  what  may  be  called  a  polar  region^"! 
Neither  the  number  nor  arrangement  of   the  plates  which   UflJ 
about  the  lower  pole  is  indicated  in  specimens  accessible  to  b 
If,  as  Kadff  claims,  the  basal  pole  is  the  starting  point  of  growth,1 
it  seems  unwise  to  deny  as  he  does  that  rtKCKPrAcourKsand  Ibpha-" 
DiTEs  occur  as  cup-like  or  saucer-shdped   individuals,  since  they 
must  have  assumed  these  forms  as  intermediate  steps  toward  a 
completely  inclosed  condition. 

IV.  The  Inner  Wall. 
It  is  agreed  by.RAnFF,  Kinds  and  IJtLi.iMcis  that  the  endorhin 
is  formed  by  the  dilatation  of  the  inner  extremities  of  the  radial 
pillars.  The  wall  is,  then,  theoretically,  composed  of  plates,  but 
these  are  usually  more  or  less  united  into  a  continuous  surface, 
and  are  not  equivalent  to  the  summit  plates  of  the  ectorhin. 
HiNDE  and  Billisgs  further  agree  in  ascribing  to  this  wall  both 
transverse  and  longitudinal  canals.  The  latter  are  excavated  in 
the  substance  of  each  plate,  and  run  between  the  middle  points 
of  opposite  sides.  The  transverse  canals  or  pores  are  formed  by 
the  truncation  of  the  four  angles  of  each  plate.  The  juxtapt.  si- 
tion  of  four  plates  produces  the  pore.  The  canals  of  adjoining 
plates  communicate  with  one  another,  thus  forming  a  reticulation 
of  conHuent  channels  in  the  wall.     The  pores  served  to  connect 
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the  intermnral  cavity  with  the  surroonding  medium.  Bauff 
denies  the  existence  of  both  pores  and  canals,  and  I  have  been 
unable  to  find  anything  analogous  in  the  Lower  Helderberg 
specimens. 

V.  The  Chemical  Constitution. 

The  conclusions  to  be  deduced  from  the  appended  table  confirm 
those  of  Eauff  with  regard  to  the  chemical  composition  of 
Kboeptacolites,  at  least  so  far  as  to  show  that  it  was  originally 
calcareous  and  not  siliceous,  as  claimed  by  Hikdb.  Specimens  of 
Bbosptaoulites  from  the  Helderberg  mountain  agree  with  the 
Cephalopods  in  their  mode  of  preservation,  an^  it  seems  probable 
that,  like  them,  Beoeftaoolites  had  a  test  composed  of  aragonite. 


Bryozoa. 

Brachlopods. 

Hlndla. 

ReoeptacuUtes. 

Cephalopod  . 

Natural 

Calcareous . . 
Siliceous  — 
Calcareous . . 
Calcareous . . 
Siliceous 

Calcar 

SIUc 

SIUc 

? 

Casts  (colored) 

Pyrlte 

Ferrujf.  Impress  . . 
Casts  (colored) 

Aragonite. 
Caste. 

EtchlDg 

Pyrlte 

SemlRllIo  .... 

Calcar 

SIUc 

Acldaspls  shale 

Calcar 

Calcar 

8111c 

Pyrlt«. 

Soft  ihale 

Pyrlte. 

Limettone 

Casts. 

In  considering  the  various  features  belonging  to  this  species  as 
stated  above,  the  view  that  the  examples  of  Bkobptaoulites 
which  have  been  regarded  as  representing  the  true  structure  of 
the  organism,  and  studied  as  such,  are  probably  only  casts  or 
infiltrations,  must  have  suggested  itself.  From  many  considera- 
tions, this  seems  the  inevitable  conclusion,  yet,  if  the  Lower 
Helderberg  specimen  is  IIeoeptac[jlites,  it  is  not  a  cast,  but  repre- 
sents the  original  organism  more  truthfully  than  any  example 
yet  described. 

In  some  respects  the  structures  referred  by  different  writers  to 
Bboeptaculites  are  so  analogous  to  those  seen  in  this  specimen, 
that  it  seems  more  than  probable  that  they  are  casts ;  yet  certain 
features,  as  described,  are  impossible  to  explain  on  that  basis, 
and  the  hypothesis  must  be,  in  many  oases,  considerably  modi- 
fied. Much,  however,  can  be  explained  by  the  mode  of  preser- 
vation. The  processes  of  replacement  and  of  fossilization  are 
known  only  as  results.  No  one  has  been  able  to  study  them  in 
operation.  To  make  a  priori  assertions  in  regard  to  them  is 
impossible,  since  conditions  beyond  consideration  might  at  any 
moment  change  what  would  seem  the  probable  course.    This  is 
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especially  true  in  regard  to  RKOErTAODLixEe,  an  organism  whose 
original  nature  and  composition  are  not  positively  known. 
Whether  composed  of  calcite,  aragonite  or  cbitine,  it  is  certain 
that  it  was  not  as  enduring  as  mont  animal  remains  preserved  in 

the  fossil  state. 

Had  the  examination  of  type  specimens  been  possible,  many  of 
the  present  difficulties  and  contradictions  which  a  comparison 
with  figures  alone  has  entailed,  might  not  have  been  met,  and 
those  still  unsolved  might  be  aatisfactorily  ascribed  to  preserra- 
tion  or  specific  differences.  The  conclusions  of  IIindb*  regarding 
the  structure  of  Rkobptaoulitks  agree  so  nearly  in  every  detail 
with  those  of  Billihgb,!  that  it  has  been  possible  to  anite  the 
results  of  these  two  authors  iv.  comparing  them  with  my  own. 
Both  writers  employed  for  study  representatives  of  a  number  of 
different  species,  probably  in  several  different  modes  of  preserva- 
tion. BiLLiNos,  moreover,  seems  to  have  considered  IscHAniTEa 
as  a  synonym  for  Reokpt4ooi,itk9,  and  studied  both  genera, 
though  his  conclusions  refer  to  Rkokptaodliteb  alone. 

My  own  observations  lead  to  the  opinion  that  the  spicular 
summit  plates  mentioned  by  these  writers  are  an  infiltration  of 
the  rhombic  pits  of  the  outer  surface  or  of  their  casts.  The  fact 
that  the  summit-plates  are  admitted  to  be  structureless  and  of  a 
single  layer,  enhances  the  probability  of  their  originating  in  this 
way.  The  four  horizontal  spicular  rays  are  casts  of  the  four 
canals  or  stolons,  which,  in  the  Lower  llelderberg  specimen,  run 
from  the  radiating  tubes  into  each  angle  of  the  rhombic  pits. 
The  fact  that  these  rays  are  said  to  be  in  contact  with  the  summit 
plate  coincides  with  this  view.  Both  Billings  and  Hindk  men- 
tion the  curious  circumstance  that  one  ray,  that  which  points 
away  from  the  nucleus  or  basal  pole,  is  sometimes  not  in  contact 
with  the  summit  plate. 

In  addition  to  the  stolons  which  extend  into  the  angles  of  each 
pit,  a  conical  spine  projects  into  one  angle  and  above  the  stolon, 
penetrating  that  angle.  There  is,  moreover,  only  one  such  spine, 
and  reason  has  been  given  for  supposing  that  it  pointed  longi- 
tudinally. The  existence  of  this  spine  satisfactorily  explains  the 
separation  of  one  ray  of  the  cast  from  the  summit  plate. 
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The  radial  piUars  are  said  to  be  continuous  with  the  summit  plates 
and  they  must  be  preserved  and  represented  in  the  same  way. 
The  summit  plates  are  regarded  as  casts  of  rhombic  pits.  Hence 
the  radial  pillars  seem  only  infiltrations  filling  the  radial  tubes. 
On  this  basis,  the  spicular  canals,  the  presence  of  which  has 
been  confirmed  by  many  writers,  would  be  the  result  of  an  incom- 
plete process  of  deposition. 

The  character  of  the  inner  wall  does  not  appear  to  be  definitely 
made  out  by  any  of  the  investigators  who  have  written  on 
Beobptaoulitbs.  In  the  case  of  H,  infundibiUiformis,  my  own 
observations  are  not  wholly  satisfactory.  The  salient  features  of 
the  descriptions  given  by  Hikdb  and  Billings  are  that  (1)  it  is 
probably  not  composed  of  separate  plates  lijfe  the  outer  wall, 
but  many  examples  show  a  continuous  layer;  (2)  this  is  pierced  at 
regular  intervals  by  round  holes  arranged  in  a  quincunx  order, 
and  these  perforations  are  sometimes  connected  by  furrows  which 
apparently  mark  off  the  surface  into  rhombic  plates  similar  to 
those  beneath,  with  which  they  are  joined  by  the  radial  pillars; 
(3)  in  the  body  of  each  plate  lie  four  canals  running  from  the 
center  (the  point  of  union  with  the  radial  pillars)  to  the  middle 
of  each  side,  where  they  join  the  canals  similarly  situated,  of  the 
four  plates  adjoining.  Rauff  regards  both  perforations  and 
canals  as  the  result  of  fossilization.  If  Rauff's  conclusion  is  cor- 
rect, the  endorhin  need  not  be  discussed.  If,  on  the  other  hand, 
the  traces  interpreted  by  Hinde  and  Billings  stand  for  real 
structures,  the  distinction  between  the  ectorhinal  and  endorhinal 
canals  should  be  noted. 

"  The  stolons  run  along  the  inner  surface  of  the  ectorhin,  but  the 
endorhinal  canals  are  excavated  in  the  substance  of  the  endorhin."^ 
Since  the  canals  in  the  Lower  Helderberg  species  run  longitudin- 
ally and  the  endorhinal  canals  spirally,  it  is  difficult  to  regard  the 
two  as  identical.  Should  this,  however,  be  the  case,  the  distinc- 
tion pointed  out  by  Billings  corresponds  to  a  difference  between 
the  canals  of  the  outer  and  inner  walls,  as  shown  in  li,  infundib- 
uliformis.  In  the  ectorhin,  the  canals  are  trenches  in  the 
bottom  of  rhomboidal  depressions ;  in  a  cast,  they  would  appear 
like  stolons  attached  to  a  rhomboidal  plate  ;  yet,  in  the  endorhin, 
they  are  enclosed  as  described  by  Billings  and  IIindk. 

♦  BiLUXos  lSOl-5.    Geol.  of  Canada,  I'nkeozolc  Fossils,  p.  382. 
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Most  writers  on  Rsceptacdlitks  have  reached  different  con- 
olnsiona  as  to  its  original  composition.  Hindb  believes  that  it 
was  siliceous ;  Kadpf  that  it  was  calcareous ;  Qombel  that  it  was 
aragonite,  and  BiLLiSfss  that  it  was  calcite  or  in  part  coriaceoas. 
These  variations  in  results  may  be  explained  by  the  fact  that  infil- 
tration products  only  have  been  investigated,  the  nature  of  the 
material  being  that  which  at  the  time  was  most  plentifully 
dissolved  in  the  sea-water  of  a  given  locality.  This  notion 
naturally  modifies  conclusions  reached  under  such  conditions- 
However,  my  own  conclusions  agree  eillier  with  those  of  Gdm&sl 
that  Rkoeptaculites  was  originally  composed  of  aragonite,  or  of 
Bii.LiNos  that  it  was  chittnona.  The  matrix  of  the  pyritized 
specimen  is  shaly  limestone.  The  radial  tubes  and  the  space 
between  them  are  filled  by  calcite  or  (?)  celestite.  This  feature 
is  in  marked  contrast  with  ordinary  specimens,  for,  as  Bilukqs 
says,  "the  space  between  the  tubes  is  almost  always  filled  with 
the  rock  of  the  same  kind  as  that  in  which|the  fossil  is  imbedded." 

The  majority  of  examples  studied  by  IIinde,  Billings,  and 
others,  are  probably  like  R.  Oweni,  described  below,  where  the 
cavity  left  by  the  dissolution  of  the  original  organism  has  been 
filled  by  a  structureless  deposition  from  infiltering  waters.  It 
seems  as  if  the  more  uni<]iie  detiiils  of  structure  may  liave  been 
derived  from  an  infiltration,  filling  the  organism  itself,  or  from 
others  where  a  maceratiou  of  the  skeleton  has  left  upon  the 
east  traces  which  usually  would  not  be  received.  Replace- 
ments by  silica  or  calcite  may  also  in  some  instances  have  been 
investigated. 

The  conclusions  of  the  above  writers  are  of  a  general  character, 
and  it  has  been  possible  to  discuss  them  only  in  a  general  way. 
However,  specimens  of  both  li.  Nepiuni  and  R.  Oweni  have 
been  examined  and  afford  a  definite  basis  for  comparison. 

Receptaculitea  Oweni. 
This  species  commonly  occurs  as  tabular  fragments  of  the 
basal  portion  of  the  organism.  Specimens  from  Illinois  usually 
have  a  thickness  of  5  mm.  near  the  basal  pole,  increasing  distally 
to  20  mm.  or  more,  and  sometimes  attain  a  very  large  size.  The 
material  is  a  granular  dolomite,  having  much  the  appearance  of 
yellowish   sandstone.      The   outer   surface   is   marked   off    into 
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rhombic  areas  by  two  sets  of  intersecting  ridges.  Shallow 
rounded  canals  transverse  each  rhombus  and  connect  the 
opposite  angles.  Of  the  four,  that  which  runs  between  the 
center  and  one  of  the  obtuse  angles  is  noticeably  on  a  higher 
plane  than  the  others,  the  opposite  one  being  lower  than  the 
rest.  Nothing  similar  to  this  arrangement  has  been  observed  in 
JR,  infundibuliformis.  From  the  center  of  each  rhombus  a 
radial  canal  perforates  the  specimen,  opening  on  the  gastral  side. 
Just  below  the  surface  the  canals  suddenly  expand,  then  taper 
gradually,  until  they  meet  the  inner  surface.  The  diameter 
where  they  terminate  is  considerably  larger  than  that  at  the 
starting  point.  The  canals  are  not  terete,  but  are  modified  by 
annular  constrictions  and  dilatations  like  the  growth-lines  of  a 
coral.  The  inner  surface,  also,  is  marked  by  ridges,  which, 
however,  do  not  make  a  regular  rhombic  pattern,  but  wind 
irregularly  among  the  tubular  orifices.  Sometimes  the  openings 
of  the  tubes  are  surrounded  by  shallow,  circular  depressions  ; 
sometimes  there  is  an  appearance  as  if  canals  ran  from  the  tube 
to  the  acute  angles  of  the  rhombus;  and  sometimes  the  inter- 
sections of  the  ridges  are  emphasized  by  monticules. 

Billings  calls  attention  to  the  fact  that  in  magnesian  lime- 
stones, where  the  hard  parts  of  fossils  are  in  general  totally 
removed,  so  that  the  cavities  once  occupied  by  them  remain 
empty,  Rkckptaculites  is  found  in  the  same  condition  (p.  386  loo. 
cit).  This  is  true  of  7?.  Oweni^  which  bears  every  evidence  of 
being  a  cast.  In  most  specimens,  then,  the  remains  consist  of  the 
filliDg  of  the  interraural  space,  with  casts  of  the  outer  surface  of 
the  inner  wall,  the  inner  surface  of  the  outer  wall  and  of  the  con- 
necting tubes. 

The  structures  in  R.  Oweni2CCi^  thepyritized  specimen  of  ^.  infun- 
dibuliformis  correspond  very  closely,  although  the  former,  as  a 
cast,  represents  inner  surfaces  of  the  skeleton  and  the  latter 
seems  to  preserve  the  outer  surface.  Details  in  B,  Oweni  are 
imperfect  in  character,  and  partly  obliterated  by  the  granular 
nature  of  the  matrix. 

Another  feiture,  the  configuration  of  the  external  surface,  has 
been  noticed  by  Prof.  Hall.*  The  specimen  representing  it  is 
preserved  in  the  American  Museum  of  Natural  History,  New 

♦  Ham.,  hoi.    Rop.  Prog.  Geol.  Surv.  Wisconsin,  p.  15. 
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York  city.*  This  specimen  is  adherent  to  the  matrix  along  its 
outer  wall,  but  a  portion  has  been  broken  away,  and  shows  the 
inclosing  rock  marked  off  by  curving  ridges  into  rhombic  figures, 
whicb  have  the  characteristic  intaglio  ornamentation  presented  in 
the  diagram,  Plate  YI,  figure  4,  The  ridges  on  the  specimen  are 
opposite  to,  and  continuous  with,  those  on  the  matrix.  It  is  evi- 
dent that  the  outer  surface  must  hare  had  individual  opercula  or 
a  common  investment  whose  east  is  preserved  on  the  matrix. 
That  something  of  the  sort  existed  is  shown  by  the  pyritized 
specimen  also,  since  the  radial  tubes  are  not  filled  with  the  sbaly 
matrix  (as  would  be  the  case  if  the  ends  had  not  been  closedj, 
but  by  a  while,  crystalline  mineral,  probably  celestite. 

Why  the  matrix  appears  to  be  continuous  with  the  specimen 
along  the  radiating  ridges  is  a  perplexing  problem.  •  Perhaps  it 
may  be  due  to  the  granule  crystalline  condition  of  the  matrix. 

The  specimens  thus  far  discussed  are  casts  and  have  been 
found  in  the  Galena  limestone  of  Illinois  and  Wisconsin. 
Another  example  of  R.  Ow&ni  comes  from  the  same  horizon  in 
Iowa,  and  illustrates  a  different  condition  of  preservation.  It  is 
composed  of  calcite  and  represents  what  has  usually  been  called 
the  true  structure  of  the  organism,  but  what  I  consider  as  only 
an  infiltration  product  of  a  form  like  the  foregoing.  The  matrix 
is  dolomite,  softer  than  that  from  Illinois  and  less  crystalline. 
The  curvature  of  the  specimen  affords  a  clue  to  its  orientation, 
and  the  indication  thus  given  is  confirmed  by  the  presence  on 
the  concave  surface  of  gentle  elevations  covered  with  a  network 
of  intersecting  channels.t  Yet  the  pores  which  are  said  by  Bil- 
LiNQs  and  IliNDE  to  pierce  the  endorhin  between  the  radial  pil- 
lars do  not  exist  in  this  specimen,  but  they  do  exist  in  the 
ectorhin. 

The  outer  wall  is  marked  off  into  rhombic  plates  by  thin  par- 
titions of  the  matrix,  which  is  continuous  alike  with  that  around 
the  fossil  and  that  between  the  pillars.  The  points  of  intersection 
of  the  partitions  are  represented  by  rounded  pillars.  A  section 
of  the  ectorhin  showing  these  features  is  given  on  Plate  VI,  fig- 
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nre  8.  The  summit  plates  are  structureless  and  the  tangential 
rays  have  not  been  observed  in  this  specimen.  The  pillars  are 
connected  directly  with  the  summit  plates,  and  like  them  are  of 
crystalline  calcite.  There  is  no  trace  of  a  central  canal.  A.  little 
below  the  summit  plate  the  pillars  expand  suddenly  and  then 
taper  slightly.  They  are  marked  by  distinct  annular  constric- 
tions or  lines  of  growth.  At  their  imer  extremities  they  meet 
the  gastral  wall,  or  expand  to  form  it.  At  any  rate,  the  wall  is 
continuous,  and  the  demarkation  of  the  plates  no  longer  exists. 
Opposite  the  pillars,  and  occupying  nearly  the  whole  of  each 
plate  on  its  outer  side,  is  a  rounded  elevation  covered  by  anasto- 
mosing channels,  as  described  above.  This  structure  seems  to 
be  characteristic  of  the  gastral  surface.  As  the  inner  wall  of 
this  specimen  exhibits  neither  the  canals  nor  perforations  described 
by  HiNDB  and  Billings,  it  confirms  the  observations  of  Racff, 
who  considers  these  features  to  be  due  to  preservation.  Sections 
illustrating  the  various  structures  of  the  specimen  are  shown  on 
Plate  VI,  figures  1,  2,  3,  4. 

MeceptdcuUtes  NepiAjmi. 

In  the  American  Museum  of  Natural  History,  New  York  city, 
there  is  a  siliceous  representative  of  R,  Neptuni  (the  type  species), 
which  in  the  structure  of  its  outer  wall  agrees  with  the  pyritized 
specimen  from  the  Helderberg.  The  tubes  are  hollow,  their 
wall  continuous  with  the  radiating  ridges  and  their  central  canals 
open  into  the  rhombic  pits,  which  are  not  occupied  by  summit 
plates 

The  foregoing  comparison  illustrates  the  conflicting  nature  of 
the  evidence  afforded  by  REOEPTAcuLrrBs.  It  shows  that  speci- 
mens apparently  well  preserved  contradict  others  of  the  same 
genus,  and  that  structures  were  maintained  or  obliterated  as  the 
result  of  slight  changes  in  the  conditions  of  preservation.  The 
specimen  of  R.  iufxindibuliformis  is  certainly  more  trustworthy 
than  any  other  example  of  the  genus  before  noticed,  and  affords 
a  more  accurate  notion  of  the  original  structure  and  its  details. 
Still  the  belief  is  unwarranted  that  this  specimen  represents  the 
organism  in  its  entirety,  and  that  nothing  further  remains  to  be 
studied.  Enough,  however,  has  been  preserved  to  direct  aright 
the  consideration  of  the  affinities  and  systematic  position  of  the 
.genus. 
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_CCELENTERATA. 

HTDROZOA. 
Family  Diottonbmid^. 
Dictyonema,  Hall,  1852. 

DiOTTONKMi    CEAeSDM,   Sp.    DOV. 

Plate  rV.  figures  1,  3. 

Shape  of  entire  frond  not  known.  The  largest  fragment] 
measQres  7.5  by  7.5  cm.  The  branches  are  marked  by  coarse  1 
longitudinal  stride,  or  wrinkles,  which  are  not  continuous.  The  j 
dissepiments  are  nearly  equal  in  eize  and  parallel  in  direction,  ] 
forming  with  the  branches  a  rather  uniform  reticulation.  Bolii  i 
branches  and  dissepiments  are  enlarged  at  their  jjoint  of  union,  . 
giving  the  fenestrules  a  more  or  less  rounded  form.  Thickneoft  J 
of  branches,  .5  to  1  ram.  Dissepiments  of  about  the  same  sia 
The  specimens  examined  are  casts. 

The  zoarium  in  Dictyonema  crassvm  is  coarser  than  in  D.  T«t 
forme,  Hall,  of  the  Niagara  group,  the  dissepiments  heavier,  andj 
the  fenestrules  more  rounded. 

The  quality  of  the  material  would  hardly  warrant  the  descrip- 
tion of  a  new  species,  were  it  not  that  this  is  the  first  appearance 
of  the  genus  noted  in  Lower  Ilelderberg  strata. 

Horizon. —  Shaly  limestone. 

Jjocality. —  Clarksville,  Albany  county,  New  York. 

Family  Monopriomid.,e. 
Monograptus,  Emmons,  185(>, 

MONOOKAPTTS    IJeE09ERI,  Sp.  nOV. 

Plate  IV,  figures  3-15. 

Stipe  linear,  minute,  with  a  carination  on  either  side.  Surface 
marked  by  fine  longitudinal  stria?,  which  are  not  continuous. 
Denticulalions  about  the  same  width  as  the  stipe,  acute,  distant. 
It  is  not  known  whether  the  stipe  is  simple  or  branched. 

This  species  of  Monograitus  is  interesting,  not  alone  as  the 
first  example  of  the  genus  reported  from  the  Lower  Ilelderberg 
rocks,  but  also  as  the  last  known  representative  of  this  character- 
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istio  Silurian  genus.  Its  presence  here  is  important  in  its  bear- 
ing upon  the  position  of  the  Lower  Helderberg  Group  in  the  geo- 
logical scale,  for  similar  forms  have  been  found  in  the  earliest 
Devonian  faunas  of  Germany. 

The  stipe  is  cylindrical,  sometimes  tetragonally  prismatic.  It 
is  hollow,  with  thick  walls,  crossed  at  intervals  by  tabulae,  one 
for  each  serration,  which  bound  the  zooidal  habitations.  On  op- 
posite sides,  there  are  projecting  ridges,  or  costae,  the  plane  of 
the  latter  being  at  right  angles  to  the  plane  of  the  serrations. 
Besides  the  costae,  there  are  often  fine  longitudinal  grooves  or 
striae.  The  teeth  are  rather  distant ;  the  upper  side  is  sometimes 
at  right  angles  to  the  stipe,  at  others  acutely  inclined  to  it.  The 
upper  surface  is  somewhat  flattened  and  is  pierced  by  circular  or 
elliptical  zooidal  openings,  situated  well  toward  the  stipe.  The 
under  surface  of  the  teeth  is  sometimes  flattened,  sometimes 
rounded,  the  flattened  examples  at  least  being  provided  with  a 
median  ridge.  The  specimens  observed  are  all  fragmentary,  and 
the  nature  of  the  sicula  has  not  been  ascertained.  No  indica- 
tions of  branching  have  been  noticed,  but  the  zoarium  may  be 
bifurcated  or  even  ramose. 

Horizon,  —  Shaly  limestone,  Indian  Ladder,  Helderberg 
Mountain. 

STROMATOPOROPDEA. 

With  the  exception  oi  Actinostroma  liistigouchense,  Spencer,  I 
have  been  unable  to  iind  notices  of  any  American  Stromato- 
poroids  from  the  Lower  Helderberg  Group.  The  species  de- 
scribed below  constitute  only  a  beginning  in  the  investigation  of 
this  class  of  Coelenterates,  which  is  well  represented  in  the  life 
of  this  period.  But  to  make  an  exhaustive  study  of  this  portion 
of  the  fauna  would  require  a  large  collection,  gathered  with  that 
end  especially  in  view. 

All  the  Stromatoporoids  in  this  collection,  with  the  exception 
of  Clathrodictyon  Jewetti^  appear  to  be  formed  on  one  type  of 
structure,  and  I  have  referred  them,  but  with  some  hesitation,  to 
the  genus  Syriixgostroraa^  Nicholson.  This  genus  (type  S.  densum) 
was   proposed   by  Nicholson^  for   some  Stromatoporoids  from 

•  Nk  noLSON.  1S75.    Oeol.  Surv.  Ohio,  Pal.,  vol.  II,  p.  251. 
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the  Devonian  strata  of  Ohio.  The  original  description  contains 
nothing  of  generic  value.  S.  densum,  however,  is  said  to  be 
composed  of  concentric  laminfe  of  very  dense,  finely  cellulose  tis- 
sue, traversed  by  numerous  horizontal  canals.  "The  upper  sur- 
face exhibits  two  distinct  sets  of  apertures —_^/'*/-^y,  a  series  of 
very  minute  and  crowded  perforations,  which  doubtless  corre- 
spond with  the  cells  of  the  mass;  and.  secondly,  a  larger  set  of 
apertures  which  are  very  irregularly  distributed,  and  are  like- 
wise very  numerous,"  These  are  said  to  be  almost  certainly  the 
apertures  of  a  series  of  vertical  canals  (probably  such  as  fre- 
quently form  the  center  of  astrorhizal  Bystems).  The  presence 
of  well-marked  astrorhizEB  is  also  noticed.  The  figures  accom- 
panying the  text  appear  diagrammatic,  and  show  no  new  points 
of  structure. 

In  the  Monograph  on  British  Fossil  Stromatoporoids,  Niohol- 
BON  has  brought  together  his  more  careful  inveatigatione  on  that 
.group  of  fossila,  and  it  is  to  this  work  that  we  must  look  for  his 
latest  and  best  considered  results. 

Of  the  genus  Stbinoostboma,  he  gives  the  following  descrip- 
tion—  "Ccenosteura  massive,  formed  of  successive 'latilamins.' 
Skeleton-fibre  minutely  porous.  The  skeletal  tissue  is,  on  the 
whole,  of  the  reticulated  typ  echaracteristic  of  the  Strom4T0- 
poEina,  but  the  radial  pillars  are  distinctly  recognizable  and  soma 
of  them  are  of  large  size.  Astrorhizfe  are  largely  developed." 
He  further  states,  "  In  the  more  minutely  porous  character  of  the 
skeleton -fib  re,  as  also  in  the  essentially  reticulate  structure  of  the 
skeletal  tissue,*?,  densum  quite  resembles  the  species  of  Stkomato- 
poBA,  Goldf.  It  has,  however,  the  peculiarity  that  the  coenosteum 
is  traversed  at  intervals  by  large-sized  radial  pillars  which  are 
recognizable  in  both  tangential  and  vertical  sections.  I  should 
not  have  been  disposed  to  regard  tliis  feature  as  of  generic  value, 
except  that  I  have  recently  had  an  opportunity,  through  the 
kindness  of  Prof.  J.  AV.  Spencer,  of  examining  an  apparently  re- 
lated form  which  seems  worthy  of  generic  distinction. 

"Tangential  and  vertical  sections  of  this  beautiful  type  show  a 
curious  combination  of  the  characters  of  Strom atopoea,  Goldf., 
and   AoTiNosTROMA,    Nich.     Thus,   the   skeleton  fibre   has    to    a 
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marked  extent  the  minutely  porous  structure  which  is  so  charac- 
teristic of  Stbomatopora,  properly  so  called;  while  the  radial 
pillars  and  their  connecting  processes  are  as  distinctly  and  clearly 
developed  as  in  the  type-forms  of  Aotinostboma.  The  radial 
pillars,  in  fact,  are  exceedingly  large  and  give  off  whorls  of  deli- 
cate ^ arms'  or  connecting  processes  which  are  emitted  at  cor- 
responding levels  in  a  radiating  manner,  and  which  circumscribe 
rounded  pores  representing  the  zooidal  tubes.  The  astrorhizal 
canals  are  largely  developed,  and  we  therefor  see  in  vertical  sec- 
tions, as  in  similar  sections  of  JS.  denaum^  the  large  rounded  aper- 
tures which  represent  cut  ends  of  these  tubes,  and  upon  which 
the  genus  Sybinoostboma  was  originally  based.  This  latter 
character  is,  of  course,  one  of  no  generic  importance,  as,  indeed^ 
present  in  all  Stromatoporoids  with  large  astrorhizal  canals." 

It  may  seem  unjust  to  a  writer  to  discuss  his  work  without  the 
advantage  of  consulting  identified  specimens,  but  under  the  cir- 
cumstances I  have  been  forced  to  do  so.  After  a  careful  study 
of  both  text  and  plates,  no  other  conclusion  is  possible  than  that 
8,  Ristigcyuchense  is  an  Aotibostboma  of  no  abnormal  type,  and 
if  the  generic  claims  of  Sybinoostboma  rest  on  the  validity  of  S. 
Jiistigotichense^  it  will  have  to  be  united  with  some  other  form. 

Nicholson. well  says  that,  in  radial  section,  the  structure  is 
characteristically  Actinostromoid,  but  the  statement  that  tan- 
gential sections  show  the  minutely  porous  structure  of  Stboma- 
TOPOBA  seems  ill-advised.  The  skeleton  of  the  latter  genus  is 
porous,  and  the  tissue  itself  minutely  fibrous  or  vesiculose. 
Radial  pillars  are  few  or  absent,  and  the  porous  skeletal  tissue  is 
not  formed  by  connecting  processes  springing  from  the  arms,  but 
by  independent  anastomosing  fibers.  According  to  Nicholson, 
however,  this  structure  is  represented  in  S,  Eistigouchensey  and 
is  also  typical  of  the  genus  Aotinostboma.  On  this  account  I 
have  placed  the  species  in  that  genus.  The  unusual  appearance 
in  tangential  section  exhibited  by  Actinostroma  JRistigouchense 
seems  to  be  due  to  the  large  size  of  the  radial  pillars,  to  which 
Nicholson  has  called  attention,  accompanied  by  a  corresponding 
reduction  in  the  length  of  the  connecting  processes..  It  is  owing 
to  the  same  fact  that,  in  vertical  section,  the  laminated  char- 
acter of  the  skeleton  is  not  as  striking  as  in  other  species  of 

ACTINOSTEOMA.. 


292  Eepoet  ov  the  State  Geologist, 

On  the  other  hand,  STRiHaosTRfiMA  seems  well  able  to  stand  as 
a  geaus  without  the  support  of  Actinostroma  Ristigoucktnte,  if 
the  characters  attributed  to  it  by  Nicholson  from  a  study  of 
S.  de?i»um  hold  good. 

The  Lower  Helderberg  representatives  of  this  genus,  it  cor- 
rectly ascribed  to  Sibinoobtroua,  agree  in  many  respects  with 
S.  densum.  As  far  as  examined,  they  are  all  normal  and  exhibit 
well-marked  Stromatoporoid  characters.  The  division  of  the 
coanosteum  into  latilamimc  is  usually  conspicuous,  as  are  also  the 
large  astrorhizED  often  situated  on  monticules  with  a  tubular  axis. 
Tangential  sections  of  well-preserved  specimens  show  a  doubly 
porous  structure.  In  the  first  place,  the  skeleton  is  rendered 
pumicious  by  the  presence  of  numerous  vacuolie,  usually  of  an 
elongated  or  vermicular  form.  This  appearance  resembles  that 
common  in  Stromatopoka,  and  is  easily  seen  when  slightly  magni- 
fied or  even  with  the  naked  eye.  Further,  the  skeletal  tissue 
itself  is  of  a  minutely  porous  character,  and  appears  to  be  com- 
posed of  a  mesh  of  anastomosing  fibers.  This  structure  suggests 
the  system  of  ratlial  pillars  joined  by  horizontal  arms  character- 
istic of  AcrisusTKOMA,  but  such  interpretation  is  discountenanced 
by  a  study  of  vertical  sections.  Viewed  in  radial  section,  the 
skeleton  is  seen  to  be  composed  of  laminic  and  radial  pillars, 
which  are  continuous  and  usually  of  large  size.  Instead  of  being 
dense  and  granular,  as  in  Actinobtboma,  these  have  the  same  mi- 
nutely porous  structure  as  the  laminje.  Moreover,  although  the 
pillars  are  usually  superimposed  and  continuous  in  that  sense, 
they  are  not  the  controUmg  structural  element  as  in  Aoiinos- 
TRouA.  It  often  happens  that  the  dark  lines  which  demarkate 
different  larainai  pass  continuously  through  the  pillars,  cutting 
them  into  many  sections  or  drums.  Each  of  these  is  continuous 
with  the  lower  portion  of  the  lamina  immediately  beneath  it,  and 
is  terminated  by  the  upper  face  of  the  lamina  above. 

Thus,  while  BYRiKfiosTaoiiA  unites  structures  characteristic  of 
both  AcTiNOBTKOMA  and  Ste'imatopora,  and  in  an  intermediate 
form  between  the  Hydractinioid  and  Milleporoid  groups  of 
STROMATOpnRAs,  iu  fypical  examples,  its  separation  from  any  other 
genus  is  attended  with  little  difficulty,  and  its  validity  as  a 
separate  tj-pe  seems  certain.  It  resembles  Stromatopora  in  the 
porofibrose  structure  of  the  laminae,  but  is  without  the  tabulate 
zooidal  tubes  of  that  genus.     Neither  by  implication  nor  by  direct 
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statement  does  Nioholson  refer'  this  structure  to  S.  densum. 
Moreover,  the  interzooidal  spaces  are  regularly  arranged  into 
columns,  and  the  more  minute  division  into  laminsB  is  conspicuous, 
which  is  never  the  case  in  Stbomatopoba. 

While  the  radial  structure  of  Sybingostboma  is  suggestive  of 
AoTiNosTBOMA,  the  pillars  are  porous,  not  granular.  They  are 
either  confluent  with,  or  terminated  by  the  laminaB. 

In  most  of  the  Lower  Helderberg  specimens  the  laminae  appear 
in  radial  section  of  a  darker  color  than  do  the  radial  pillars  which 
support  them.  In  a  similar  way  the  monticules  are  still  darker 
than  the  rest  of  the  laminae,  and  become  prominent  to  the  eye  on 
that  account.  Whether  this  circumstance  is  due  to  a  difference 
in  density  of  the  skeletal  tissue,  or  is  owing  to  mechanical  causes 
governing  infiltration  or  r.eplacement,  I  have  been  unable  to 
determine. 

The  preparation  of  drawings  to  illustrate  the  newly  described 
material  was  attended  with  some  difficulty,  for  it  was  almost 
impossible  to  depict  the  sections  as  they  appeared  with  fluctua- 
tions of  shade  and  distinctness,  and  with  the  gradations  through 
which  the  dark  fibers  of  the  skeletal  tissue  passed  into  the  nearly 
colorless  calcite  in  filtering  the  vaculaB  or  chambers.  Conse- 
quently the  annexed  figures  partake  somewhat  of  the  nature  of 
restorations,  for  they  are  intended  to  convey  the  expression  of 
the  original,  without  faithfully  reproducing  its  defects  or. defic- 
iencies. At  the  same  time  they  do  not  aim  to  present  the  organ- 
ism in  the  condition  in  which  it  perished  and  became  imbedded 
in  the  marine  deposits. 

Sybingostboma.  centbotum,    sp.  nov. 

Plate  VII,  figures  1,  2. 

Coenosteum  massive,  spheroidal,  often  attaining  a  large  size. 
Intermittent  concentric  growth  results  in  the  formation  of  lati- 
laminae,  which  are  usually  conspicuous.  The  surface  is  thickly 
covered  with  rounded  eminences  or  "  maraelons,"  and  astrorhizaa 
are  numerous  but  minute.  The  presence  or  absence  of  an 
epitheca  has  not  been  ascertained. 

No  specimens  in  this  collection  are  entire,  but  all  evidence 
points  to  an  originally  sphaeroidal  form  for  the  coenosteum. 
One  specimen  appears  to  have  had  a  diameter  of  about  27  cm. 
when  entire.    The  concentric  character  of  the  structure  is  usually 
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I  <jnite  striking.    Some  specimens  are  readily  separated  into  thin 

I  sheets  or  latUamia.?.     In  others,  more  completely  infiltered  by 

I  oaloite  or  less  weathered,  the  latUaminat  are  indicated  only  by 

darker  and  lighter  bands.     When  in  this  condition  they  are  not 

I  disjoined  by  a  blow  from  the  hammer,  but  the  specimen  chips  or 

I  fractures  like  a  structureless  limestone.     Surface  characters  are 

I  best  studied  under  the  former  condition  of  preservation.    SectioM 

of  many  Helderberg  Stromatoporoids  examined  show  that  the 

original  calcareous  skeleton  of  the  colony  has  been  replaced  by 

I  Bome  dark  material,  probably  impure  limestone,  while  the  spaces 

I  between  pillars  and  partitions  are  filled  by  transparent  calcite.. 

The  definition  is  nearly  always  indistinct. 

Tangential  sections  do  not  remain  parallel  to  the  surface  in 
this  species,  except  over  amall  areas,  for  the  curvature  is  not 
I  regular  but  llesuous,  and  the  lalilamins  are  more  or  less 
I  loliaceous  and  imbricating.  Thus  extended  sections  cut  the 
I  frequent  monticules  at  all  angles  and  appear  like  panels  of  curly 
I  maple. 

I  In  specimens  which  break  along  the  latilaminfB  the  surface 
I  is  seen  to  be  vermiculate  and  porous,  thickly  covered  with- 
I  prominent  conical  elevations.  This  characteristic  vermiculate 
structure  is  shown  also  in  tangential  sections,  and  is  not  due  to 
weathering  and  preservation.  Astrorhiica!  are  numerous,  but 
small  and  inconspicuous,  as  if  they  were  merely  the  usual  porous 
structure  intensified.  They  are  distributed  over  the  surface,  and 
are  often  to  be  found  on  the  sides  of  the  monticules.  The 
monticules,  as  shown  by  radial  sections,  are  usually  superimposed 
throughout  one  latilamina,  but  in  two  consecutive  latilamiois 
this  may  or  may  not  be  the  case.  They  are  often  pierced  by 
straight  central  canals  directed  radially.  These  canals  often 
extend  through  one  whole  set  of  monticules.  They  have  no 
proper  walls  and,  therefore,  cannot  be  referred  to  "Caunopora" 
tubes  or  tubicolous  annelids.  When  broken  transversely  the 
mamelons  are  seen  to  be  distinctly  porous.  The  pores,  or  canals, 
are  often  arranged  in  concentric  series,  coincident  with  the  cut 
edges  of  the  intersected  laminse,  and  evidently  represent  sections 
of  the  astrorhizal  canals. 

Weathered  fractures  and  properly  oriented  sections  show  that 
the  radial  pillars  are  strong,  parallel,  and  continuous  through 
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several  layers  of  the  coenosteum.  They  are  united  at  more  or 
less  regular  intervals  by  concentric  partitions  which  have  the 
porous  structure  above  described.  These  concentric  laminsB 
appear  to  be  composed  of  inosculating  fibers  forming  a  retic- 
ulate skeleton,  and  not  of  lateral  arms  given  off  in  a  whorl 
around  each  pillar  as  in  the  genus  Aotinostboma.  Yertical 
sections  through  a  monticule  show  that  the  radial  pillars  are  not 
parallel  as  elsewhere,  but  are  inclined  at  a  slight  angle  away  from 
the  imaginary  axis  of  the  monticule. 

This  species  agrees  well  with  the  figures  and  descriptions  of 
SyrmgoBt/roma  densum^  except  that  the  cut  ends  of  the  radial  pil- 
lars are  not  distinguishable  in  tangential  section.  This  seems  to 
be  the  common  species  at  Cedarville,  N.  Y.,  and  is  readily 
recognized  by  the  number  and  prominence  of  the  mamelons. 

Horizon, —  Lower  Pentamerus  limestone. 

Locality,^  Cedarville,  N.  Y. 

Sybinoostboma  foveolatum,  sp.  nov. 

Plate  VI,  figures  8,  9. 

Coenosteum  massive  and  of  large  size.  Outer  surface  and 
point  of  attachment  not  known.  Division  into  latilaminaB  usually 
apparent.  In  one  specimen  the  latilaminae  are  folded  into  regu- 
lar hemispherical  elevations,  having  a  diameter  of  about  50  mm. 
Radial  pillars  continuous  and  usually  large.  Viewed  in  vertical 
section,  the  laminae  are  thick  and  the  interlaminar  space  narrow. 
Tangential  sections  show  the  laminae  to  have  a  dense  structure, 
but  the  organism  may  still  be  referred  to  the  Milleporoid  type. 
The  pores,  which  in  S,  centrotum  appeared  as  transparent  ver- 
miculate  patches,  in  this  species  are  represented  only  by  minute 
spots,  sometimes  connected  by  transparent  threadlike  bands. 
The  skeleton  fibers  are  large,  with  fine  reticulations,  giving  the 
tissue  as  a  whole  a  dense  consistency.  The  concentric  laminae, 
likewise,  are  unusually  thick  and  heavy,  the  vacuoles  of  small 
size  and  the  intercolumnar  spaces  minute.  Astrorhiza)  are  fre- 
quent, and  well-developed  monticules  appear,  to  be  present,  chiefly 
associated  with  astrorhizae.  They  are  indicated  in  the  section  by 
a  darker  shading,  but  their  elevation  is  so  slight  that  tangential 
sections  often  show  the  astrorhiza)  equally  well  on  all  sides.  The 
monticules  sometimes  have  tubular  axes.     When  weathered,  the 
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[  ccenosteum  often  develops  little  pits  or  conical  depressions  about  | 
I  i  mm.  apart,  which  are  rather  characteristic  of  the  species.  &  I 
iybveolatum  differs  from  S.  cenfroltim.  in  its  thick  and  dense  1 
r  laminse,  its  low  monticules  and  its  conspicuous  astrorhizae.  1 

I       Horizon. —  Lower  Pentaraerus  limestone.  J 

I       Locality. —  Cedarville,N.  Y.  J 

I  SvaiHOOBTBOMA  MioKOPOaDM,  sp.  nov.  ■ 

I  Plate  VI,  figure  7.  I 

I       CoenoStaura  massive,  latilaminate,  shape  nnknown,  probably  I 

I  Bpherical  or  subsphorieal.    Surfaces  parted  along  the  latilaminal 

are  covered  with  numerous  monticules,  which  are,  however,  of  1 

I  email  size.    They  are  usually  pierced  by  axial  tubes  and  provided'  I 

I   with  well-developed  astrjrhizao  seldom   visible  on  the   lamellafJ 

I  partings.     In  vertical  sections  the  skeleton  is  seen  to  bo  composed  I 

I  of  persistent  radial  pillars  and  the  customary  concentric  laminfe. 

I   Tangential  sections  show  the  laminie  to  have  a  finely  porous 

I  structure,  the  skeleton  fiber  being  of  the  characteristic  reticulated 

I  tissue  common  to  other  Helderberg  Syringostromas.     Tangential 

I  sections  through  the  monticules  show  only  the  cut  ends  of  the  ■ 

I  Bstrorhizie.      When  the  section  lies  in  the  lateral  slope  of  a  ^ 

monticule,  the  latter  is  seen  to  be  provided  with   an  extensively 

spreading  astrorhizal  system.     The  thickness  and  density  of  the 

lamina;  in  8.  foveolatum  readily  distinguishes  it  from  this  species 

in  microscopic  examination.     Furthermore,  monticules  are  here 

apparent,  and  there  is  no  indication  of  a  tendency  to  weather 

into  conical  pits,  as  in  S.  foveolatum. 

Compared  with  S.  centrotutn,  the  skeletal  tissue  is  much  finer, 
and  the  monticules  less  numerous. 

Formation. —  Lower  Pentaraerus  limestone. 
Locality. —  Cedarville,  N.  Y. 

Stbinoostboua.  Babreiti,  sp.  nov. 

Plate  VII,  figures  6,  6. 
Ccenosteum  large,  hemispherical,  spreading.  Latilamin®  dis- 
tinct, more  or  less  labyrinthine  toward  the  center,  on  the 
periphery  flowing  in  broad  folds.  They  end  abruptly  on  the 
under  side,  and  are  attached  directly  without  an'  epitheca.  Lam- 
inie parallel  and  gently  flexuous.     Astrorhizte  not  numerous,  but 
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large  and  conspicuous.  The  nucleus  of  an  astrorhizal  system  is 
sometimes  represented  by  an  axial  tube,  and  the  laminaa  at  that 
point  are  often  elevated  into  a  low  monticule.  Skeletal  tissue 
finely  fibrous,  but  a  little  coarser  than  in  S.  centrotum. 

This  species  is  characterized  by  the  infundibuliform  concentric 
growth  and  the  fiat  base  without  an  epitheca  (?).  Without  the 
aid  of  thin  sections,  the  outer  surface  of  the  type  specimen  ap- 
pears dense,  fine-grained  and  structureless,  except  for  latilaminaa 
which  separate  in  unusually  thin  sheets.  Sections  near  the  sur- 
face are  without  monticules,  astrorhiz^e,  and  axial  tubes,  exhilnt- 
ing  only  the  uniform,  porous  skeleton  and  fibrous  structure. 
The  same  surface  characters  are  presented  by  the  basal  portion 
and  suggest  an  epithecate  condition,  but  it  has  not  the  polished 
surface  and  concentric  wrinkles  characteristic  of  the  epitheca  in 
Fayositbs.  The  fiat  base  of  the  specimen  is  attached  to  a  branch- 
ing form  of  DiPLOPHYLLUM.  Syringostroma  Ba/rretti  is  the  com- 
mon species  at  the  Indian  Ladder. 

Horizon, —  Lower  Pentamerus  limestone. 

Locality. —  The  Lidian  Ladder,  N.  Y. 

Sybingostboma  oonsimilb,  sp.  nov. 

Plate  VII,  figures  8,  4. 

Coenosteum  massive,  large,  and  subspherical.  Latilaminate 
structure  shown  by  sections  or  on  weathered  surfaces.  The  lam- 
inae are  disposed  in  pointed,  wave-like  folds,  which  are  not  super- 
imposed. Skeleton-fiber  finely  porous;  tissue  reticulate;  astro- 
rhizae  few  and  very  large,  sometimes  provided  with  a  tubular 
axis. 

This  species  is  similar  to  S.  Barretti^  but  the  material  examined 
can  be  separated  with  little  difficulty  by  the  character  of  the 
laminae,  which,  in  the  latter,  are  gently  curved,  proximate,  and 
parallel,  but  in  S.  consimile  are  angular  and  independent  in  their 
flexures.  Thus,  S,  consimile  generally  lacks  the  superimposed 
monticules  of  the  kindred  form.  The  reticulations  of  the  skele- 
ton-fiber are  somewhat  coarser  than  in  S,  Barretti^  and  very 
much  coarser  than  in  S.  ceniroium^  while  the  thinness  of  the 
laminae  is  also  characteristic.  The  figure  which  presents  a  ver- 
tical section  of  this  species  is  drawn  to  slightly  too  large  a  scale, 
making  the  columno-laraellose  structure  of  the  cut  more  open 

38 
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[    tbaa  in  the  original.    Comparative  atudy  of  a  series  of  speca^ 
I    mens,  however,  may  prove  these  two  types  to  be  identical,  but  I 
I    tor  the  present,  at  least,  it  is  aecessar}'  to  regard  them  asl 
distinct,  I 

Horizon. —  Lower  Pentamerus  limestone,  j 

I        Locality. —  Outlet  of  Skaneatelea  lake,  N.  Y.  J 

Ol,4THEODIOTVON  JkWBTTI,  sp.  DOV. 
I  Plate  VI,  figures  5,  6. 

[        CcoQOstenm  known  only  as  a  small  fragment.     Latilaminate, 
[    probably  massive.     Surface  characters  not  known.     Lamina;  very 

conspicuous  in  vertical  section.    Radial  pillars  jwrsistent  through 
one  interlaminar  space,  usually  terminating  in  the  laminar  parti- 

I  tion.  Tangential  sections  show  the  cut  ends  of  the  radial  pillars, 
which  are  apparently  not  connected  by  arm-like  processes,  but 
by  a  continuous  wall.  Monticules  are  present,  associated  with 
aatrorhizaj  and  axial  tubes,  but  the  character  of   the  astrorhiz© 

I  has  not  been  determined.  The  skeleton  does  not  show  the 
*'  pillar  and  arm "  structure  characteristic  of  Aotinobteoma  nor 
the  reticulated  skeleton  common  in  Svkikoostkoma. 

The  species  resembles  0.  striateUum,  Nicholson,  in  many  par-; 
ticulars,  but  the  latter  is  without  astrorhina",  monticules,  etc. 
which  form  a  striking  feature  in  the  Actmostromida.  It  differs 
from  Nicholson's  species,  also,  in  tbe  more  normal  radial  pillars 
and  regular  mesh.  All  the  sections  studied  have  been  cut  from 
the  small  fragment  which  alone  represents  this  species.  In  none 
of  them  do  the  radial  pillars  extend  sj'stematically  through  a 
number  of  interlaminar  spaces,  and  although  an  apparent  pro- 
longation through  two  or  even  three  such  spaces  may  occasionally 
be  observed,  the  occurrence  is  too  rare  to  influence  the  generic 
determination  of  the  specimen. 
Horizon. —  Lower  Pentamerus  limestone. 
Locality. —  Cedarville,  K.  Y. 

Actinostroma,  Nicholson,  1886. 

AcTINOSTEOMA.   RiBTlOODCHENSE. 
Cuiios(roma  Riatigouchente,  Spencer,  18S1.     Bull.  No.  1,  Univ.  State  Missouri, 

p.  227. 
Syringoslroma  RisUgimchense,  Nicholson,  1839.      Pal.  Soc,  vol.   XXXIX, 
^British  Stromatoporoids,  eipl.  PI.  XI,  figs.  11,  13. 
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I  have  not  been  able  to  examine  specimens  of  A.  Hisiigauchense 
nor  to  consult  Spencbb's  description  of  the  species.  Fortunately 
it  is  figured  and  discussed  by  Nicholson  (I,  c).  For  reasons  given 
above  it  has  been  removed  from  the  genus  Sybiiigostboma  where 
Nicholson  places  it. 

ANTHOZOA. 

Family  Cyathaxoned^. 
Duncanella,  Nicholson,  1874. 

DUNOANELLA   BUDIS,  Sp.   nOV. 
Plate  n,  figures  7, 8. 

Corallum  simple,  straight,  turbinate,  rather  evenly  and  rapidly 
expanding.  Kugae  on  the  exterior  coarse,  and  not  sharply 
defined. 

Horizon. —  Delthyris  Shaly  limestone. 

Locality. —  The  Indian  Ladder,  Albany  county,  N.  Y. 

This  species  of  Ddnoanella  is  not  a  rare  form  in  the  higher 
beds  of  the  Shaly  limestone  of  the  Ilelderberg  mountains,  and 
specimens  of  it  may  have  been  heretofore  identified  as  Strepte- 
lasma  atrictum.  While  Stbeptelasma  was  attached  like  most 
cyathophylloid  corals,  Duncanella.  was  probably  in  a  free  con- 
dition. The  latter  also  possessed  this  unique  characteristic,  that 
the  theca  is  incomplete  at  the  base,  leaving  the  septa  exsert.  In 
Stbeptelasma,  they  meet  in  the  center  and  are  twisted  to  form  a 
pseudocolumella,  while  this  structure  is  replaced  in  Ddnoanella 
by  a  sort  of  tube  reaching  nearly  to  the  base,  and  formed  by  the 
extremities  of  the  septa,  which  do  not  extend  quite  to  the  center. 
Donoanella,  moreover,  is  entirely  without  tabula)  or  dissepi- 
mental  tissue,  which  seem  to  be  always  present  in  Stbeptelasma, 
although  in  varying  degrees. 

Duncanella  rudis  differs  from  D.  borealis,  Nicholson,  of  the 
Niagara  group,  in  several  particulars.  It  is  erect,  not  bent  or 
uncinate  like  the  latter,  while  the  apical  angle  is  considerably 
greater.  The  ruga}  on  the  surface  are  much  less  numerous  and 
less  sharply  defined,  while  the  parallel,  horizontal  growth  lines, 
which  are  rather  characteristic  of  the  Niagara  species,  are  very 
obscure. 
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I  Family  ZAPHEENTica.  J 

'  Streptelasma,,  Ilall,  1847.  % 

'  Bthbptblasma  etrictum,  Hall,  187*.  I 

Btrtptelaema  (Petraia)  atricla.  Hall.  1874.    Twentj-Biilh    Rep.  New   Yoffci 

State  UuB.  Nat.  Bi»t,  p.  142.  | 

Str^telastna  Klricta,  Hall.  1879.    Tbirtj- second  Hep.  New  York  State  Una. 

Nat.  Hist.,  p.  143. 
Slrfpttltuma  itriotum.  Hall,  1888.    Rep.  State  .Geologiat;  for  1682,  espl.  PI.  I, 

&ea.  1-10. 
Stnptelaama  sMcttim.  Hall,  1687.    PaL  New  York,  vol.  VI,  p.  1, 

Sbrison. —  Shaly  limestone.    Indian  Ladder,  Catskill  Creek, 

Clarksville,  Hudson,  Schoharie  and  other  localities  in  New  York. 

The  genus  STEKPTKLiBMA  was  proposed  by  Hall*  in  the  first 
volume  of  the  Palaeontology  of  New  York.  At  the  same  time, 
also,  several  species  were  described,  but  as  no  type  was  desig- 
nated, S.  expansvm,  the  first  described,  should  be  taken  as  such, 
although  the  practice  has  been  to  employ  S.  comiculum  as  the 
tj'pical  form.  The  original  description  of  the  genus  is  as  fol- 
lows: "Turbinate,  gradually  or  abruptly  expanding  above;  form 
ike  Cyaihophvlhim;  terminal  cup  more  or  less  deep;  lamellie 
vertical  or  longitudinal,  more  or  leas  spirally  twisted  together 
"when  meeting  in  the  center." 

As  the  type  species  {S.  expansum)  still  remains  uninvestigated, 
and  as  the  description  above  quoted  is  insufficient  to  distinguish 
the  genus  from  other  Cyathophylloid  corals,  Si  KE  telasma  strictly 
becomes  little  more  than  a  name. 

Unfortunately,  owing  to  the  poor  preservation  of  examples 
from  the  Trenton  limestone  where  the  original  specimens  of 
5.  comiculum,  were  obtained,  many  investigators,  among  them 
Edwaicdb  and  HAiuK,ZnTELacdNicH<.LaoN,f  have  used  for  study 
well-preserved  specimens  of  the  species  from  the  Cincinnati  group. 
This  species  was  described  as  Za2>hrenti3  Canadensn:  Ifuch 
confusion,  therefore,  has  resulted.  iinwAHns  and  Haime,  regard- 
ing .S.  comiculum  as  the  type,  say  that  SiKrPTELAbMA  is  distin- 
guished from  Ctathophtli.um  "by   the  structure   of   the   wall 


LowEB  Heldebbeeg  Fauwa.  801 

which  is  destitute  of  an  epitheca  and  covered  by  sublamellar 
cost»."*  The  statement  that  S.  comiculum^  whether  from  the 
Trenton  or  Hudson  River  Group,  lacks  an  epitheca,  is  incorrect 
(RoMiNGBB,  loc.  cit).  The  best  usagef  at  present  regards  Stbkptb- 
IA8HA  as  a  subgenus  of  Zaphbbntis.  The  two  groups  pass  into 
each  other  by  insensible  gradations,  but  typical  forms  differ  in 
this,  that  Stbbptelasma  has  a  less  complete  development  of  dis- 
sepimental  tissue. 

Since  the  genus  SBEPrsLASMA  is  in  honorable  usage  as  repre- 
senting an  actual  coralline  type,  it  seems  inexpedient  to  abandon 
it  at  present  in  view  of  our  inadequate  knowledge  of  S,  expansum. 
Should  a  careful  investigation  of  this  species  show  that  it  does 
not  belong  to  the  Stbbptelasma  type,  Mutbiophylldm,  Edwards 
and  Haime,  will  probably  have  to  be  substituted.  Metbiophyllum 
(type  Jf.  Botichardi)  is  one  of  the  new  genera  published  by 
Edwabds  and  Hadce  in  1850,  four  years  after  Stbeptelasma  was 
established.  The  .original  description  (Brit.  Foss.  Corals,  p.  Ixix) 
is  elaborated  as  follows :  Corallum  simple,  turbinate,  subpedicil- 
late,  inclosed  in  a  complete  epitheca.  Septa  appear  as  well- 
developed  partitions,  slightly  curved,  and  extending  for  the 
most  part  to  the  center  of  the  visceral  cavity  ;  they  are  grouped 
in  four  bundles,  but  the  cross  formed  by  the  four  principal  septa, 
as  it  exists  in  other  genera  of  the  family,  is  indistinguishable. 
Tabulae  well  developed,  simple  and  horizontal,  corresponding  in 
the  different  interseptal  loculi  in  such  a  way  as  to  form  complete 
transverse  floors,  which  are  usually  marked  by  the  septa,  but 
which  show  plainly  when  the  latter  are  partially  destroyed.:]:  The 
figures  of  M,  Bouchardi  and  the  description  above  quoted 
correspond  with  Stbeptelasma.  The  only  questionable  point  of 
identity  consists  in  the  regularity  of  the  tabulae,  which  in  the  cut 
is  so  marked  as  to  appear  almost  diagrammatic.  The  figure 
shows  that  M,  Bouchardi  also  had  a  central  axis  like  a  columella. 
Although  no  specimens  of  ^VrETKioPHYLLUM  have  been  obtainable, 
I  have  ventured  to  regard  it  as  a  synonym  of  Stbeptelasma. 
Zftfel,  however,  recognizes  both  genera,  possibly  because  of  their 

*  Edwards  and  Haime,  1830.    Hrlt.  Foss.  Corals,  p.  Ixvlll.    The  same  Idea  Is  repeated  Mon.  des  Polyp. 
Fobs,  des  Terr .  Pal . ,  p.  398 .    1 851 . 

t  Hall,  1887.    Pal.  New  York,  vol,  VI,  p.  xl,  "Streptelasma,"  also  Romlnoek,  loc.  cit.,  p.  141. 

*  Edwards  and  Haime,  1851,  Mon.  des  Polyp.  Foss.  des  Terr.  Pal.,  p.  317  et  seq.,  PI. 7,  flg«.  1,  la,  lb, 
2,2a. 
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distribution,  as  he  refers  MBTBiopnYLLOM  to  the  Devonian  and 
Strbptblasma  to  the  Silurian  age. 

Zaphrentis,  Eaiinesque,  1820.  ^^H 

ZAFBKKHTifl  RdEMERi,  Edwards  and  Ilaime,  I65I.        ^^| 
Mod.  dee  Polyp.  Foas.  des 


Zaphrentis  Roemerf,  Edwards  and  Hftime,  1881 

Terr.  Pal.,  p.  811. 
ZaphrmtU  Roemtri,  Hall,  1888.    Rep.  State  Geologist  for  1882,  expl.  PL  I, 

flgB.  11-31. 
I  ZaphrtatU  RoemeH,  Hall.  1887.     Pal.  New  York,  vol.  TI.  p, 

Horizon. —  Lower  Pentamerua  andSlialj-  limestone. 
L  i.ocaIitfM.—  ClarksviUe  and  Indian  Ladilur. 


\ 


PERFOXIATA. 

Family  Favositid^, 

Favosites,  Lamarck,  1812. 

FAvosrTES  Heuieriibrgi.k,  Hall,  1874. 

Favosites  Beld«rl>eryicE,  Hall,  1874.    Twentj-aisth  Rep.  New  York  State  Mua. 

Nat.  Hist.,  p.  111. 
Favoaitet  Btlderbergia,  Hall,  1879.    Thirty-aecond  Rep.  New  York  State  Mus. 

Nat  Hiat.p.  14S. 
I/Uvtaites  Htldrrbergius,  Hall.  IS83.    Rep.  State  Geologist  for  1883,  expl.  PI. 

IV.  Qks.  1.  2,   PI,  V,  lifts,  1-3;  V\.  VI,  tif;6.  1-H. 
Favoailts  Helderhergim,  Hall,  1887.     Pal.  New  York,  vol.  VI,  p.  8. 


Thirty-second  Rep.  New  York  State  Mus.  Nat. 

pi.  PI.  Ill,  6g8. 


Favosites  coniccs,  Hall,  1874. 
Favosites  eoniea.  Hall,  1874.     Twenty-siilh  Rep.  New  York  State  Mus.  Nat. 

Hiat.,p,  112. 
Favoaite*  eoniea,  Hall, 

Hiat.,  p.  140. 
Favosites  conicus.  Hall,  1883.    Rep.  State  Geologist  for 

4,  6-13. 
Favosites  eomeus,  Hall,  1887.     Pal.  New  York,  vol.  VI,  p.  9. 
Horizon. —  Shaly  limestone. 

Locality. —  Clarkaviile  and  Indian  Ladder,  New  York  ;  and  Cumberland, 
Uaryjand.' 

A  comparison  of  Favosites  conicits  and  K  Helderhet-gicB  shows 
that  these  species  agree  in  many  important  particulars.  As 
regards  the  structural  peculiarities  and  the  measurement  of  indi- 
vidual corallites,  the  two  species  as  described  by  Hall  are  in 
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almost  perfect  aooord,  and  it  is  in  the  size  and  phape  of  the 
coralla  that  the  meet  striking  differences  are  shown.  Both 
forms  are  covered  with  a  strongly  wrinkled  epitheca.  In  F.\ 
Hdderbergim  the  moral  pores  are  said  to  be  in  one  or  two  ranges, 
comparatively  large,  circnlar,  with  margins  distinctly  elevated ; 
the  tabnlflB  frequent,  from  ten  to  fifteen  in  a  space  of  10  mm. 
In  F.  canicus  the  mural  pores  are  comparatively  large,  drcnlar^ 
with  distinctly  elevated  margins,  disposed  in  one,  two,  or  some- 
times three  rows.  The  tabul»  vary  from  eight  to  ten  in  a  space 
of  10  mm.  The  septa  in  both  forms  are  represented  by  longi- 
tadinal  ridges.  Hall  describes  the  walls  of  K  HMerbergim  wA 
sometimes  granulose  or  spinulose  on  the  inner  face.  In  F.  oonicM 
the  interior  of  the  cells  is  said  to  give  evidence  of  numerous 
spinules  or  small  nodes. 

Of  F.  conieiUj  Prof.  Hall  says, "  The  conical  form  of  this  species 
and  the  irregularity  in  the  size  of  the  cells  distinguish  it  from  every 
other  known  species  of  FAVcsms  in  the  Silurian  rocks  of  New 
York.^^  In  the  same  description  the  diameter  of  the  cells  at 
the  surface  is  said  to  vary  from  1.5  to  .8.5  mm.  This  places 
their  size  as  a  little  greater  than  in  F.  JBelderberffic^  where  they 
range  from  .  66  to  2  mm.  My  own  measurements  show  the  aver- 
age size  of  the  corallltes  in  either  species  to  be  from  1.5  to 
2  mm.,  and  in  F.  conicua  from  about  .  5  to  3  mm.  The  collection 
at  my  command  probably  does  not  present  the  range  of  speci- 
mens which  Prof.  Hall  studied.  It  is  possible  that  Favosites 
conicua  and  F.  HeldefbergicB  both  refer  to  the  same  organism 
at  different  stages  of  growth  and  preservation.  F.  Helder- 
hergicB  is  found  in  and  at  the  top  of  the  Lower  Pentam- 
*erus  limestone,  in  the  neutral  zone  between  that  and  the 
Shaly  limestone.  F.  conictca  is  obtained  from  the  Shaly  lime- 
stone itself,  but,  toward  the  base  of  that  horizon,  the  specimens 
occur  silicified,  and  of  a  larger  size,  thus  displaying  a  great 
resemblance  to  F,  IlelderhergicB.  The  conditions  of  argillaceous 
sedimentation  are  unfavorable  to  the  growth  of  corals,  and  it 
is  possible  that  F,  conicua  simply  represents  immature  or 
small  forms  of  the  larger  species,  which  a  change  from  favorable 
to  unfavorable  conditions  has  uniformly  prevented  from  further 

growth. 

- — — —     » 

*  Hall,  1887.    Pal.  New  York,  voL  VI,  p.  •. 
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I  The  smallest  corallum  of  F.  conicua  in  this  collection  is  1 
I  8  mm.  in  diameter  and  the  largest  48  mm.  The  majority  of  I 
I  specimens  are  discoidal,  or  flattened  hemispherical.  A  few  have  j 
[  the  characteristic  form,  being  conical  or  strawberry -shaped.  | 

I  Formation  and  locality. —  Indian  Ladder,  Clarksville,  Schobarief  I 
f   Herkimer  Co.,  and  Cumberland,  Maryland.  J 

I  FAVOSirEs  CoNBiPi,  sp.  nov. 

I  Plate  V.  figures  B-Ji. 

I  _  Corallum  ramose,  branches  sleoder.  CorallitOB  polygonal, 
9  contiguous,  of  comparatively  small  size.  Pores  large,  with  usually 
I  but  a  single  row  to  a  face.  Septa  represented  by  spines  which 
I  are  close  set  and  regularly'  arranged  so  as  to  give  twelve  longi- 
I  tudinal  rows,  forming  at  the  same  time  transverse  rings. 
I  Tabular  coraplole,  straight,  and  near.  The  mature  corallite  are 
I  2  mm.  in  diameter,  the  cells  of  various  sizes.  Usually  disposed  bo 
I  that  each  large  cell  is  surrounded  by  a  ring  of  smaller  corallites 
I  of  about  half  its  size.  Tabulaj  1  to  1.5  mm.  apart,  evenly 
[  distributed. 

I  Although  the  tabulae  are  near  together,  they  do  not  appear  ho 
I  when  compared  with  a  closely  tabulate  form  like  F.  Hdderhergia. 
The  specimens  which  represent  F.  dmradi  are  silicified,  and  the 
character  of  the  septal  spines  is  not  satisfactorily  shown.  The 
cell  walls  are  thin,  but,  near  the  surface,  they  are  somewhat 
thickened  by  siliciHcation.  At  this  point,  the  septa  are  represented 
by  parallel  corons  of  prominent  spines,  which  are  less  conspicu- 
ous a  little  below,  and  eventually  nearly  or  quite  disappear.  The 
number  of  septal  ridges  is  regularly  twelve.  When,  through 
abnormal  growth  among  the  corallites,  an  epitheca  is  developed,, 
it  is  ornamented  with  tine  radiating  striii;  and  delicate  concentric 
wrinkles. 

Horizon. —  Lower  Pentamerus  limestone. 
Locality. —  Indian  Ladder,  N.  Y. 

Favodtes  sphericus  =  ClxBtetes   {Ptyuhonema)   sphericus,  Hall, 
"187+. 

Favosiiea  proximvs ^=  Choiietea  {Ptychonema)  proxiinus,  Hall, 
1S83. 

These  two  species  have  been  examined  with  considerable  care 
by  means  of  microscopic  sections,  and  I  have  been  unable  to 


I 
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detect  the  presence  of  either  mural  pores  or  septa.  It  is,  theref  ore, 
impossible  to  retain  these  forms  in  the  genus  Fqvoaites.  On  the 
other  hand,  the  small  size  of  the  cells,  the  superimposed  mode  of 
growth,  and,  in  the  case  of  Chmtetes  aphericus^  the  presence  of 
maculsB,  all  indicate  an  affinity  with  the  Bryozoa. 

Alveolites,  Lamarck,  1801. 

Alveolites  explanatus,  HaU,  1884. 

Alveolites  explanatus,  Hall,  1884.    Rep.  State  Geologist  for  1888,  expl.  PI.  18, 
figs.  15, 16. 

Alveolites  eocplanatue,  Hall,  1887.    Pal.  New  York,  vol.  VI,  p.  11. 

JFbrmation» —  Lower  Pentamerus  limestone. 

Localities, —  Cedarville,  Clarksville  and  Schoharie,  N.  T. 

Pleurodictyum,  Goldfuss,  1826. 
Pleurodictyum  lenticulare,  Hall,  1874. 

Michelinia  lenticularUy  Hall,  1874.    Twenty-sixth  Rep.  New  York  State  Mus. 
Nat.  Hist.,  p.  118. 

Michelinia  lenticularis,  Hall,  1879.    Thirty  second  Rep.  New  York  State  Mus. 
Nat.  Hist.,  p.  145. 

Michelinia  lenticularis,  Hall,  1883.     Rep.  State  Geologist  for  1882,  expl.  PI. 
m,  figs.  1,  2,  8,  5. 

Pleurodictyum  lenticulare,  Beecher,  1891.     Trans.  Ck)nnecticut  Acad.,  vol. 
VIII,  p.  207. 

Formation.  —  Shaly  limestone,  Albany  county,  N.  Y. 

Striatopora,   Hall,  1852. 

Striatopora  Issa,  Hall,  1874, 

Striatopora  Issa,  Hall,  1874.    Twenty-sixth  Rep.  New  York  State  Mus.  Nat. 
Hist.,  p.  114. 

Striatopora  Issa^  Hall,  1879.    Thirty -second  Rep.  New  York  State  Mus.  Nat. 
Hist.,  p.  144. 

Striatopora  Issa,  HaU,  1883.     Rep.  of  State  Geologist  for  1882,  expl.  PI.  Ill, 
figs.  14,  15. 

Striatopora  Issa,  Hall,  1887.     Pal.  New  York,  vol.  VI,  p.  6. 

Formation  and  locality, —  Shaly  limestone,  Helderberg  mountains,  Albany 
county,  and  Becraft's  mountain,  Columbia  county,  N.  Y. 
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Cladopora,  Hall,  1852. 
Cladofobi  ChAssm,  sp.  nov. 
Plate  V,  figure  1. 

Corallum  compact,  ramose.  Branching,  bifurcate  infrequent. 
Cells  in  five  longitudinal  rows,  comparatively  large,  distinctly 
labiate.     Diameter  of  the  branches  varies  from  2  to  4  mm. 

The  branches  of  this  species  are  unusually  small,  and  the  bi- 
furcations infrequent.  One  specimen  measures  46  mm.  from 
a  broken  end  to  the  point  of  branching;  another  measures  4S 
mm.  The  apertures  also  are  comparatively  distant  and  are 
regularly  arranged  in  five  longitudinal  rows.  The  corallites  are 
long,  nearly  parallel  to  the  axis  of  the  branch,  with  a  slight  out- 
ward curvature  as  they  approach  the  periphery.  The  plane  of 
the  orifice  is  nearly  perpendicular  to  the  cell  wall.  This,  taken 
in  connection  with  the  acute  angle  at  which  the  corallites  meet 
the  surface,  gives  the  cell  mouths  a  somewhat  labiate  appearance. 
Above  each  orifice  the  branch  is  sUghtly  flattened  or  convex, 
causing  it  to  have  a  subangular  or  nodose  form.  The  surface  of 
the  branches  is  without  ornamentation,  very  smooth  and  dense. 
A  cross  section  of  the  branches  shows  that  the  cells  have  been 
distorted  by  mutual  pressure.  They  are  not,  however,  polygonal 
as  in  Favositks,  but  have  become  more  or  less  cresent  shaped. 
No  tabulie  have  been  observed.  The  mural  pores  are  small  and 
very  distant. 

Horizon. —  Shaly  limestone. 

Locality. — The  Indian  Ladder,  Alban}'  county,  N.  T. 

Cladopoha  Halli,  sp,  nov. 

Plate  V,  figure  3. 

Corallum  dense,  branching.  Eamification  bifurcate.  Branches 
usually  flattened,  of  larger  size  than  in  C.  Clarhei,  varying  from 
7x5  to  5x3  mm.  in  diameter.  Cells  smaller,  mor6  closely  set, 
not  labiate  and  not  serially  arranged. 

This  species  can  be  readily  distinguished  from  C.  Clarlcei  by 
the  large  size  of  the  branches  and  by  the  small  cells,  thickly  and 
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indiscriminately  placed  without  being  disposed  in  vertical  series. 
The  projection  of  the  outer  wall,  which  gives  to  C.  darkei  a 
labiate  appearance,  is  not  a  well-marked  character  in  this  species. 
Horizon.  —  Shaly  limestone  at  a  slightly  higher  level  than  CI 
Cla/rkie. 
*   Locality, — ClarksviUe,  N.  T. 

Vermipora,  Hall,  1874. 

This  genus  has  been  usually  regarded  as  a  coral,  closely  allied 
to  AuLOFOBA,  a  sort  of  vertical  aggregation  of  Aulopoba  tubes. 
Such  a  classification,  however,  overlooks  several  important  struc- 
tural characters,  which,  if  duly  considered,  would  place  it  among 
the  Bryozoay  in  close  proximity  to  Hedebblla. 

The  genus  Anix)P0BA,  Qoldfuss,^  is  said  to  have  neither  tabulae 
nor  Bepta,t  although  most  species  are  found  to  possess  them. 
Hall  states  that  the  type  species  of  Ysbmipoba  is  without  both 
septa  and  tabulae,  and  my  own  observations  confirm  the  statement. 
In  this  particular  and  also  in  its  system  of  budding  Ybbmipoba 
agrees  with  Hedebella.  In  the  latter  genus  there  is  a  central 
stolonal  rhachis,  which  sends  off  buds  pinnately.  The  stolon  is 
often  very  long,  and  the  buds  may  also  reach  a  considerable 
length  in  some  species.  In  Aulopoba  the  system  is  quite  dif- 
ferent. There  is  no  long  central  axis,  but  each  cell  grows  for  a 
short  distance  in  the  line  of  such  axis,  then  bending  upward,  puts 
forth  one  or  two  buds,  which  in  turn  repeat  the  same  process. 
Each  corallite  ceases  to  grow  shortly  after  budding  and  the 
rhachis,  instead  of  being  simple  and  homogeneous,  is  composite.  * 

Therefore  it  seems  advisable  to  remove  Yebmipoba  from  its 
position  near  Aulopoba,  and  as  it  possesses  points  of  resemblance 
to  Hederklla,  I  have  associated  it  with  that  genus.  There  is, 
however,  another  form,  Clonopoba,  closely  allied  to  Hedebella, 
but  differing  from  Yermipora  chiefly  in  that  the  buds  bend  out- 
ward from  the  stem  in  umbels.  It  may  be  a  synonym  for  the 
latter,  and  at  all  events  is  closely  related  to  it. 

♦  GoLDFi'SS,  1S26.    Petrlf .  Ger.,  vol.  I,  p.  82. 

t  Hall,  1887.    Pal.  N«w  York,  vol.  VI,  pp.  Xll  and  5. 
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Family  Am-oPOEni*. 
Aulopora,  Goldfuss,  1826. 

ADLOPOa*  8UBTBNUIS,  Hall,  1879. 

Aulopora  giibtenuis,  Hall,  18T9.    Thirtj-Becond  Bep.  New  York  State  Hub. 

Nat.  Hist.,  p.  143. 
Aulopora  sabtenuis  (pars.),  Hall,  1883.    Rep.  State  Oeologiat  for  188S,  expL  PI, 

U,  flgH.  9-30. 
Aulopora  tuhtenuU,  Hall,  1887.    Pal.  New  York,  vol.  VI,  p.  1. 

This  Species  is  an  abundant  form  at  tbe  Indian  Ladder,  and  is 
represented  in  the  coUeclion  by  several  hundred  specimens.  It 
is  never  found  procumbent  and  attached  like  otber  examples  of 
the  genus,  and  there  is  reason  to  believe  that  the  corallum  grew 
upright  from  a  single  attached  individual.  Buds  are  given  off 
along  the  medial  dorsal  line,  and  not  somewhat  laterally,  as  is 
common  in  Aolopoba.  The  cells  are  often  turned  sidewise  instead 
of  upward.  Furthermore,  the  corallites  are  not  flattened  and 
impressed  as  they  would  be  if  they  had  been  once  attached 
and  subsequently  broken  off.  These  features  may  prove  sulBcient 
for  founding  a  new  genus  on  this  form,  closely  allied  to  Aitlopoka. 

Horizon. —  Sbaly  limestone,  N.  T. 

Aulopora  Schoharie,  Hall,  1874. 

Aulopora  Scholtarite,  Hall,  1874.    Twenty-siith  Rep.  Now  York  State  Uus. 

Nat.  Hist,  p.  110. 
Aulopora  Schoharim,  Hall,  1879.    Thirty-second  Rep.  New  York  State  Mus. 

Nat  Hist.,  p.  142. 
■Aulopora  Sehoharite,  Hall,  1883.    Rep.  State  GeoloRist  for  1882,  eipl.  PL  II, 

figs.  1-e. 
Aulopora  Schoharifv.  Hall,  1887.    Pal.  New  York,  vol.  VI,  p.  3. 
Horizon,  —  Shaly  limeHtone,  Schoharie  and  Clarksville. 

Aulopora  ttibdla.  Hall,  1879. 
Aulo2>ora  lubula,  Hall,  1879.    Thirty-Becond  Rep.  New  York  State  Mus.  Nat. 

Hist.,  p.  142. 
Aulopora  tulmla.  Hall,  1883.     Rep.  State  Geologiat  for  1883,  expl.  PI.  H,  flga. 

7,8. 
Aulopora  tubula,  Hall,  1887.     Pal.  New  York,  vol.  VI,  p.  3. 
Borizmi.—  Shaly  limestone,  Schoharie. 
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AULOPOBA  ELONGATA,  Hall,  1870. 

Aulopora  eUmgata,  Hall,  1879.    Thirty-second  Rep.  New  York  State  Hub.  Nat. 

Hist.,  p.  148. 
Aulopora  suhtenuis  (pars.),  Hall,  1888.    Rep.  State  Geologist  for  1882,  ezpl.  PI. 

n,  figs.  9-20. 
AuUypora  elongata,  Hall,  1887.    Pal.  N.  Y.,  vol.  VI,  p.  6. 
Horizon, — Shaly  limestone,  Schoharie. 

In  concluding  this  revision  I  take  pleasure  in  acknowledging 
my  obligation  to  Prof.  C.  E.  Behcheb,  of  Yale  University,  to 
whom  I  am  indebted  for  the  material  studied,  for  the  facts  of  its 
occurrence,  and  for  other  valuable  suggestions  and  advice. 


PLATE  I. 
[  Figs.  1-19.  Spicules  of  Lysactlnella  Oebhardi,  as  shown  in  a  eectioa  through 

the  epoDge.     X  90. 
I   Figs.  14-17.  Spicules  of  L^eactinella  Qebhai-di  preserved  as  caste  in  &  pboe> 

phytic  nodule.     X  80' 
!   Figa.  18,  18-Sl.  Spicules  of   Lymclinella  Oebltardi  preserved   free  ob  pjrite. 


Fig3.  32-31.  Spicules  of  LysacftneUa  pcrclegans  preserved  as  pyrite. 
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Kg.  4.  Gastral  surface  of  the  pyritized  Bpecimen  of  Recqttaculitet  in/uiuU-'a 

bidi/onnU.     x  8. 

I  Fig.  S.  Ends  of  radial  tubes  in  the  same  specimen.    The  tubes  are  embedded  ] 

in  a  white,  crystalline  mineral  which  fills  the  intermural  cavity.    The  ^ 

fracture  is  juat  below  the  gastral  or  inner  wall.  X  38. 
Fig.  6.  Portion  of  the  gastral  surface  much  enlarged.  X  26. 
Pigs,  7,  8.  Two  views  of  a  specimen  of  DuruxmeUa  rudis,  showing  the  usual 

characters  of  the  species.     X  8. 
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Fi^.  I.  Diagram  repreaenting  a  eection  cut  through  the  middle  of  the  p^^f 
tized  specimen  of  Reeeptaculite^  infuiidibidiformis.      X4. 

Fig.  2.  A  portion  of  the  outer  surface  of  the  same  epecimen,  ohowing  rhol 
bic  pits,  radial  tube's,  aud  projeotiug  apinee,     X  8, 

Fig.  8.  R.  infimdibiiHfomia.    The  inner  surface  of  the  gaatral  wall,  BhoningJ 
the  broken  radial  tubes,     x  36. 

Fig,  4.  The  same.     The  ridgee  belong  to  the  inner  surface  of  the  gastral  wall, 
more  fuilj  illustrated  in  the  preceding  figure.    The  edge  of  the  speaimcn  I 
is  beveled,  giving  the  canals  an  elongated  sliape.    The  large  perforatioiuH 
in  the  lower  part  of  the  figure  are  the  rhombic  pits  of  the  gaetral  BurfaacJ 
They  are  covered  over  with  a  plexuaot  minute  spicules,  to  which  refereaeA-^ 


■  in  tht» 


Fig.  S.  One   of  the   rhombic  depressions  of  the  outer  wall  enlarged,  showing 

the  diagonal  canals  and  the  radial  tube  at  the  bottom,     x  26. 
Fig.  6.  Another  view  of  the  same.     X  36. 
Fig.  7.  Fractured  surface  showing  the  crushed  radial  tubes.     X  36, 
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not  wpretsenleiJ  by  the  figure.     X  6. 

tr&DsluceDt  apecimen    showiDg    tabulBtion. 

Figa.  4-8.  ifonograptu*  Beeeheri. 

FigH.  8,  10.  Two  viewB  of  an  abnormal  apeciruen  of  Xonograptus  Beeeheri  is 

whidi  for  a  short  distance  some  of  tlie  Berratbtui  appear  on  the  uueerrated 

dde.     X  60. 
figs.  11-18.  Views  of   M.    Beeeheri  showing  character  and   position   of  ths 

zooidal  openingB.     X  60. 
Fig,  14.  Under  surface  of  the  serrations  in  M.  Beeeheri.     x  80. 
Pig.  15.  End  of  a  specimen  of  M.  Beeeheri  showing  perforated  stipe. 


PLATE  4. 
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PLATE  V, 
A  bifurcate  etem  Bbowiog  the  labiate  cooldl 


Fig.  1.  Cladopora  ClarhH. 

opeoiiige.     x  6. 
Fig.  S.  dadopoi  a  Halli.     Portion   of  a  corallum   showing   the  Bmall   pores, 

which  are  more  regularif  arranged  than  is  comuionlj  the 
Fig.  8.  Outline  of  a  coraliuni  of  Favositn  Conradi  abowing  the  branching. 

Fig.  4.  EhilargeineDt  ot  a  portion  of  the  surface,  ebowing   the 

arrangement  of  the  cells.    X  4. 
Fig.  5.  Enlargement  of  a  portion  of  the  surface  showing  the  septal  epii 

thickpned  by  a  deposit  of  eilicft.     X  8. 
-Fig.  6.  Enlargement  of  a  portion  of  the  epitheca  showing  Snely  stiiate  and 
wrinkled  surface.     X  10. 
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g.  1.  Retxptaeulilei  Oweni.    Section 
tbe  latter  to  be  solid  and  structureleea. 


to  the  radial  pillars  ahowing  1 


Fig.  3.  R.  Oweni.    Section  tlirough  the  gastral  w»ll  near  the  inner  surfaoo,  I 
sboTCiDg  bf  the  dark  portion  irregular,  anaftomosing  channels  filled  v 
matrix,  and  cutting  the  Btnictureless  caJcite  of  the  inner  wall.     X  i- 
Fix.  8.  R.  Oweni,     Section  through  the  outer  wall.     The  dark  portion  repeal 
aenta  what  is  generally  considered  matrix  thrust  between  the  e 
plates,    At  the  comers  of  tbe  plates  are  round  poree  which  are  ' 
supposed  to  be  characteristic  of  tlie  inner  wall.     X  1. 
I   Fig.  4.  A  diagrammatic  representation  of  a  relief  ornamentation  preserved  a 
a  cast  in  tbe  matrix  above  the  rhombic  pits  of  the  external  surface  of  ■ 
apecimea  of  B.  Oit-eni, 
g,  G.  Clathrodictyon  Jfwetti. ,  Longitudinal  section  showing  tbe  diecontinti* 
ouB  radial  pillars,     x  IS. 
I  T^g.  B.  TraQsverBesecIlonof  tbe  same  abowing  tbe  out  ends  of  the  radial  ptllaai  I 
which  are  not  joined  by  connecting-  processes.    The  akeleton-flber  ie  i 
to  be  dense,  not  reticulated  aa  in  the  genua  Syringostroma.     X  15. 
Fig,  7.  Syringoslroma  microporum.     Tbia  is  a  transverse  section,  ahowing  the 
finely  porous  structure  of  the  lamiow  and  the  minutely  reticulated  skele- 
ton-tlber.     A  mamelon  with  axial  tube  and  astrorhizal  canals  is  cut  in  the 
lower  right  band  portion  of  the  figure.     X  15. 
Fig,  8.  Syringoatroma  foveolatwn.    Traneverse  aection  Bhowing  an  extended 
astrorhizal  system,  and  illustrating  the  dense  character  of  the  skeletal  tis- 


Fig.  9.  Longitudinal  section  of  tbe  sai 
and  continuous  radial  pillara;  at  I 
and  illustrates  the  superimposed  n 


e.  The  figure  abows  the  thick  laminn 
le  same  time  it  traverses  an  axial  tube 
ture  of  the  monticules,      X  IS. 
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[  Fig.  4.  Longitudinal  Bection  of  tiie  same  illuBtrating  the  independent  Sei 

of  the  laminae.     The  radial  pitiare  in  this  and  the  following  Bpeciea  at*^ 
not  Bysteroatically  continuouB.     x  15. 
Fig.  B.    Transverse  section  of   Sijringostroma   BarretU,   which  showB  a  low 
monticule  with  its  tubular  axis,  and  a  very  complex,  extended  astrorhizal 
system.     ^  IS. 
Fig.  6.  Longitudinal  section  of  the  same.     This  section  shows  the  reticulated 
structure  of  the  skeleton- fiber  and  the  wave-like  flexures  of  the  laminse. 
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THE  NEW  SPECIES  OF  BRACHIOPODA 


DESCRIBED  IN 


Palaeontology  of  New  York, 


Volume  VIII,  Parts  1  and  2. 


1 892==  1 894. 


"With   Kourxeen   F»la.xes, 


THE  NEW  SPECIES  OF  BRACHIOPODA 


DESCRIBED   IN 


Palaeontology  of  New  York,  Volume  VIII, 

Parts  I  and  2, 1892- 1894. 

WITH  FOUBTEEN  PLATES. 


[For  the  cony enience  of  the  student,  such  new  species  of  BrachioxKxla  as  have 
heen  described  or  figured  in  Volume  VIII  of  the  Palaeontology  of  New  York, 
in  illustration  of  generic  structures,  are  here  brought  together  in  one  place, 
with  requisite  illustration  and  description.] 

Lingula  compta. 

Plate  1,  fig.  1. 

Lingula  compta j  Hall.     Palaeontology  of  N.  Y.,  vol.  VIII,  part  1,  p.  171, 
pi.  i,  fig.  16.    1892. 

Shell  very  narrow,  with  lateral  margins  nearly  parallel  for 
most  of  their  length ;  the  anterior  margin  transverse  and  the 
posterior  less  abruptly  rounded.  Shell-substance  thin.  Surface 
marked  by  fine  concentric  striae. 

The  interior  of  the  brachial  (?)  valve  bears  two  strong  lateral 
muscular  ridges  which  meet  in  the  median  line  at  about  one  third 
the  length  of  the  shell  from  the  anterior  margin.  A  narrow 
median  furrow  extends  from  just  behind  the  center  of  the  valve 
nearly  to  the  anterior  margin.  Length  of  this  valve,  9  mm., 
greatest  width,  4.5  mm. 

This  species  is  allied  to  Z.  densa.  Hall,  but  differs  in  its  nar- 
rower form  and  thinner  shell. 

Hamilton  group.     Tichenor's  Gully,  Canandaigua  Lake,  N.  Y. 
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^K  Linguia  scutella. 

V  Plate  1,  fig.  8. 

mLtn!piIn  neuMla,  Ilall.  Palaeontology  of  N.  Y,,  vol.  VIII.  pt.  1,  p.  171,  pi.  t. 

■  fig.  BO.     1862. 

I  Shell  broad,  subquadrate ;  lateral  margins  parallel  for  a  short 
K^stance,  bat  soon  roimding  to  the  extremities,  v,'hich  have  about 
Mqual  curvature.  Length  to  width  as  2  to  3.  Surface  covered 
■-with  more  or  less  distinct  concentric  lines  and  wrinkles.  The 
Ploterior  of  the  original  valve,  a  cast  of  the  interior,  shows  a  broad 
R-Oentral  elevation,  corresponding  to  the  muscular  impressions,  and 
^converging  ridges  over  the  pallial  region,  representing  the  vascu- 
■:lar  sinuses.  Fine  radiating  lines  are  also  visible  over  the  anterior 
Pingion.  Length  of  the  valve,  12  mm,;  greatest  width,  8  mm. 
I      Chemung  group.     Allegany  oownty,  N.  Y. 

I  Linguia  (Glossina)  flabellula. 

m  Plate  I,  figa.  G,  B. 

^SAvgulaflabfttula,  Hall.    Palaeontology  of  N.  T.,  vol.  VIII,  pC.  l,p.  173,  pi.  i, 

W       figs.  S3,  84,    18S3. 

■  Shell  large,  subtriangular ;  lateral  margins  diverging  from  an 
HROute  apex,  rounding  broadly  at  about  two-tbirds  the  length' of 

the  shell,  to  the  slightiy  transverse  anterior  margin.  Length 
to  greatest  width  as  6  to  7.  Surface  convex,  sloping  more 
abruptly  to  the  sides  than  to  the  anterior  margin  ;  covered  with 
low,  rather  faint  and  distant  concentric  lines  or  wrinkles.  Shell- 
substance  comparatively  thick,  showing  fine  radiating  lines  on 
the  inner  laminaj.  Length  of  the  largest  specimen  observed, 
42  mm. ;    greatest  width,  36  mm. 

Waverly  group.     Sciotoville  and  Berea,  Ohio. 

Linguia  paracletus. 

Linguia  puradetus.  Hall.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1,  p.  172.  see 
p.  12,  fig,  a     1892. 

Shell  moderately  large,  broadly  spatulate.  Posterior  margins 
diverging  from  an  acute  beak,  rounding  slowly  to  the  sides  of 
the  shell  where  the  curve  is  less;  the  interior  margin  is  subcircu- 
lar,  rarely  transverse.  The  greatest  width  of  the  shell  is  in  front 
of  the  middle  and  the  proportions  of  length  to  greatest  width 
are  as  2  to  1.3.  Surface  ornamented  with  distant,  concentric 
wrinkles  between  which  are  exceedingly  fine  concentric  strite. 
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On  the  interior  the  valves  have  a  notably  broad  margin  of  con- 
tact. Tbe  internal  cast  Bometimes  shows  this  to  be  broadest  at 
the  middle  of .  the  anterior  margin ;  faint  radiating  strife  are  also 
observable  on  this  cast.  The  muscular  and  vascular  impressions 
of  the  interior  are  frequently  well  de&ned,  as  deaoribed  on  the 
page  above  cited.  Length  of  the  original  specimen  16  mm,, 
width,  11  mm. 
Waverly  group;  Cuyahoga  shales.     Chardon,  Ohio. 


Lingula  txntola. 

Plate  1,  fig.  4. 
Lingula  lamelUita,  Hall.     Palaentology  of  N.  Y.,  vol.  II,  p.  56,  pi.  xx,  fige.  '4, 

a.  6,  c.    1853. 
Ungula  iteniola.  Hall.     Palaeontology  of  N.  Y.,  vol.  VIIE,  pt.  1,  p.  178.     1892. 

Shell  of  medium  size,  with  the  margins  diverging  rapidly  from 
the  apex  for  a  short  distance,  thence  curving  rather  abruptly  into 
subparallel  lateral  margins.  The  anterior  margin  is  nearly 
transverse.  Surface  covered  with  fine  elevated,  nearly  horizontal 
ornamental  lines,  which  are  crossed  in  the  umbonal  region  by  the 
concentric  growth  lines. 

Clinton  group.     Clinton,  N.  Y. 

Lingula  lingulata. 

Plate  1,  fig.  2. 
Lingula  lingiikita,  Hall.      Palaeontology  of   N.   Y.,   toI.  VIII,   pt.  1,  p.  178, 
pL  iv  k,  fig.  5.    ia93. 
Shell  elongate-subquad  rate,  having  somewhat  the  form  of  Zin. 
ffula  oblata,  Hall.     Valves  very  slightly  convex.    Distinguished 
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from  other  species  by  the  peculiar  deflection  of  the  anterior  por- 
tion of  the  shell  considerably  below  the  plane  of  the  lateral 
marginB. 
Clinton  group.    Near  Hamilton,  Ontario. 

Lingulops  Granti. 

Plate  1,  figs.  7,8. 
Lingulops  Oranti,  Hall.     Palaeontology  o(  N.  Y.,  vol.  VIIl,  pt.  I,  p.  178,  pi, 
iv  k,  figs.  14,  in.     1892. 

Shell  small,  linguloid  in  external  aspect.  Outline  elliptical 
siibaciiminato  at  the  posterior  extremity.  External  surface 
marked  by  faint,  elevated,  equidistant  concentric  lines.  Margin 
of  contact  broad  and  conspicuous  about  the  entire  periphery. 
On  the  interior  of  the  pedicle-valve  the  margin  is  broadest 
beneath  the  beak  and  slightly  grooved  on  its  posterior  edge  for 
the  passage  of  the  pedicle.  The  central  and  lateral  muscular  scars 
are  elevated  on  a  well-developed  platform,  the  ante  lateral  margins 
of  nrhich  meet  each  other  at  an  acute  angle.  In  the  brachial 
valve  the  posterior  margin  is  also  broad  and  faintly  grooved,  the 
platform  more  conspicuously  developed  both  in  length,  width  and 
height  than  in  the  other  valve,  while  the  muscular  soars  have 
'  essentially  the  same  arrangement.  In  neither  valve  do  the  speci- 
mens at  hand  afford  evidence  of  the  arched  parietal  impressions 
seen  in  the  other  species  of  the  genus.  Length  of  an  average 
specimen,  5  ram.,  width,  3  ram. 

This  species  differs  from  Z.  Whitfieldi  and  L.  Norv:oodi,  not 
only  in  the  absence  of  the  parietal  scars,  but  also  in  the  develop- 
ment of  the  muscular  area  of  the  pedicle-valve  into  a  distinct 
platform,  and  in  the  absence  of  the  anterior  longitudinal  septum 
in  the  pedicle- valve. 

Niagara  group.     Hamilton,  Ontario. 

Monomerella  Greenii. 

Plate  1,  figs.  9-14. 
Monomerella  Oreenii,  Hall.  Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1,  p.  174, 
pi.  iv  d.  figB.  5-10.  1893. 
Shell  enlongate-subovate.  Valves  comparatively  shallow 
shell  substance  relatively  thin.  Surfaces  of  contact  very  broad. 
especially  toward  the  posterior  portion  of  the  shell.  Pedicle- 
valve  with  an  erect  but  not  high  cardinal  area,  which  is  conlinu- 
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ons  with  the  broad  margins.  TTmbonal  cavities  very  short,  rarely 
reaching  to  the  hinge-line  and  sometimes  scarcely  more  developed 
than  in  Dinobolus.  Cardinal  slope  well  defined  and  divided  by 
a  deep  longitudinal  groove.  Cardinal  buttress  faint.  Platform 
scarcely  developed ;  the  scars  upon  its  surface  usually  faint,  but 
the  lateral  impressions  sometimes  sharply  defined.  Crescent  and 
terminal  scars  generally  distinct.  Pallial  sinuses  usually  discern- 
ible. Brachial  valve  with  a  low,  rotund  beak  and  transversely 
striated  area.  Umbonal  cavity  deep.  The  deep  groove  of  the 
crescent  is  followed  within  by  a  sharply  elevated  ridge  extending 
for  the  entire  length  of  the  cardinal  line ;  terminal  scars  gener- 
ally deeply  impressed  and  apparently  compound.  Platform  rep- 
resented only  by  a  median  thickening  of  the  muscular  impressions, 
having  the  characteristic  Y-shaped  outline  and  sometimes  divisi- 
ble into  the  component  scars.  From  the  anterior  extremity  of 
this  muscular  area  two  diverging  ridges  pass  toward  the  anterior 
margin ;  these  may  be  connected  with  the  pallial  sinuses. 

This  shell  is  readily  distinguished  from  all  other  described 
species  by  the  general  tendency  toward  suppression  of  the  plat- 
forms and  muscular  scars,  the  broad  surface  of  contact,  and  the 
diverging  anterior  furrows  of  the  brachial  valve. 

From  the  dolomites  of  the  Niagara  group,  between  Cedarburgh 
and  Grafton^  Wzsconsm. 

Monomerella  Kingi. 

Plate  2,  figs  1,  2. 

Monomerella  Kingi^  Hall.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1,  p.  174,  pi, 
ivd.  figs.  1,  2.     1892. 

Shell  subcircular  or  longitudinally  oval.  Pedicle-valve  prob- 
ably with  a  low  cardinal  area,  as  far  as  may  be  judged  by  the 
size  of  the  casts  of  the  umbonal  cavities,  which  are  quite  short 
mamiform,  not  extending  to  the  cardinal  line.  Cardinal  buttress 
strong,  produced  as  a  septum  nearly  to  the  anterior  edge  of  the 
platform.  Platform  well  developed,  broadly  V-shaped  ;  anterior 
wall  vertical,  not  excavated  ;  surface  marked  by  strong  impres- 
sions of  muscular  attachments.  Crescent  distinct,  terminal  scars 
very  prominent,  brachial  valve  with  the  umbonal  region  much 
thickened ;  the  platform  sharply  V-shaped,  its  anterior  wall  being 
considerably  excavated  to  form  imperfect  vaults;  the  whole  ele- 
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■^tion  is  situated  somewhat  further  forward  than  the  opposite 
yalve.  A  faint  longitudinal  septum  extends  a  short  distance  for- 
ward from  the  apex  of  the  platform.  Crown  of  the  crescent 
faint;  terminal  scars  as  in  the  pedicle- valve. 

From  the  magnesian  limestone  of  the  Niagara  group,  near 
Cedariurtfh,  Wisoonsin,  in  association  with  Dlnobolui  Conradi, 
Monotnerelf^ prigoa  and  M.  Greenii. 

Monomerella  Ortoni. 

PlaU  2.  flgs.  4,  5. 
Monomeretta  Ortoni,  Hall.    Pnlaeontology  of  N.  Y.,  vol.  VIII.  pt.  1,  p.  176, 
pi.  iv  c,  tlg§.  14,  IS.    1893, 

Pedicle- valve  largo,  with  a  high  cardinal  area,  which  is  gently 
incurved  longitudinally  and  crossed  by  lamellose  growth-lines, 
upon  which  the  evidences  of  the  deltidial  ridges  are  extremely 
faint  or  altogether  wanting.  Urabonal  cavities  conspicuous,  but 
much  shorter  than  is  usual  in  M.  pi-i'Sca.  Cardinal  slope  large, 
triangular  and  divided  by  an  axial  furrow.  Cardinal  buttress 
broad  at  the  base  but  not  especially  prominent.  Platform  appar- 
ent only  at  its  anterior  edge  where  it  has  a  broad  anterior  slope. 
Crescent  well  defined  beneath  the  hinge-line ;  terminal  scars  very 
prominent ;  cenlral,  lateral  and  anterior  impressions  discernible  on 
the  platform.  Pallial  sinuses  very  strong,  the  outer  ramidcations 
from  which  are  distinctly  seen.    Brachial  valve  unknown. 

From  the  Niagara  dolomitic  limestone,  at  the  Ji'tahuj  Sun 
Quarries,   Wood  county,  Ohio. 

Monomerella  Egani. 

Plate  2,  flg.  8, 
Monomerella  Egani,  Hall.  Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1,  f>.  175, 
pi.  ivc,  fig.  le.  1803. 
Brachial  valve  with  an  unusually  high  cardinal  area,  indicating 
a  quite  elevated  beak.  This  area  is  strongly  striated  trans- 
versely, and  bears  two  faint  longitudinal  de|)ression3  correspond- 
ing in  position  to  the  deltidial  ridges  of  the  pedicle-valve.  It  is 
continued  laterally  nearly  to  the  middle  of  tiie  margins.  Cres- 
cent very  narrow  over  the  crown,  lying  close  u]ion  the  cardinal 
line ;  at  its  turn  forward  it  is  developed  into  a  deep,  narrow, 
elongate  muscular  scar,  which  is  continued  into  a  broader  ter- 
minal impression.     Platform  sharply  elevated  at  its  anterior 
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-edge,  sloping  rather  abruptly  backward.  Its  surface  bears  the 
usual  tripartite  arrangement  of  the  muscular  scars.  Anterior 
longitudinal  septum  distinct.  From  directly  behind  the  crescent 
to  the  central  muscular  impressions  is  a  very  broad,  smooth, 
lunate  slope,  occupying  the  position  of  the  simple  umbonal  cavity 
usual  in  this  valve  of  Monomerella,  and  presenting  the  appear- 
ance of  an  abnormal  deposition  or  callosity. 

Though  represented  by  a  single  specimen  only,  this  form  shows 
features  not  elsewhere  observed  in  the  genus,  viz.,  the  great 
development  of  the  cardinal  area,  the  composite  character  of  the 
muscular  impressions  terminating  the  crescent,  and  the  broad 
posterior  slope. 

From  the  Niagara  group.    Near  Grafton^  Wisconsin. 

Rhinobolus  Davidson!. 

Plate  2,  figs.  6-8. 

Rhinobolus  Davidaoni,  Hall.    Palaeontology  of  N.  Y.,  rol.  VIII,  pt.  1,  p.  176, 
pi.  iv  b,  figs.  10-12.     1892. 

Shell  with  a  circular  outline,  except  for  the  prominence  of  the 
beak.  Pedicle- valve  with  a  moderately  high,  acuminate  cardinal 
area,  upon  which  the  central  area,  the  deltidial  ridges  and  areal 
borders  have  each  about  the  same  width.  Cardinal  slope  short; 
crescent  sharply  defined ;  terminal  scars  distinct.  Platform 
broadly  V-shaped,  sloping  less  abruptly  backward  than  in.  R. 
Galtensis,  Pallial  sinuses  faint.  Brachial  valve  with  marginal 
beak  and  incons])icuous  area.  Crescent  more  prominently  devel- 
oped than  in  the  opposite  valve,  transverse  over  the  crown  as  in 
DixoBoLus  ;  terminal  scars  largo.  Platform  more  sharply  angu- 
lated  than  in  the  pedicle-Valve  and  somewhat  more  elevated, 
bearing  conspicuous  lateral  and  anterior  scars.  Longitudinal 
septum  not  pronounced.     Pallial  sinuses  quite  distinct. 

This  species  is  based  upon  internal  casts  of  opposite  valves, 
which  are  in  entire  harmony  with  each  other  and  are  readily  sepa- 
rated from  Dinoholus  ('onradi  and  the  various  species  of  Mono- 
MERKLLA.  associatcd  with  thi?m  at  the  same  localitv.  It  is  distin- 
guished  from  the  forms  referred  to  Rhinoholns  GaUtmsus^  Bil- 
lings, by  its  more  cii'cular  outline,  less  elevated  pedicle-umbo, 
inconspicuous  brachial  umbo,  and  broader,  though  less  sharply 
elevated  platform. 

Niagara  group.     N'ea?'  Grafton,  Wisconsin. 
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Siphonotreta  (?)  Minnesotensis. 
FUte  3,  figs.  B,  10. 
SiphoTtotreta  (?)  Minnaolensit,  Hall,    Palaeootolog;  o(  N,  Y.,  vol.  Vm,  pt.  I, 
p.  177.  pi.  iv,  flgs.  87,  38. 

Shell  subovate  in  outline.  Pedicle-valve  more  convex  than  the 
brachial,  slightly  flattened  along  the  median  line,  sloping  with 
equal  convexity  toward  the  lateral  and  anterior  margins.  Fora- 
men apical  (?).  Brachial  valve  depressed-convex,  somewhat  ele- 
vated about  the  umbo.  Surface  covered,  in  the  umbonal  region, 
with  fine,  anastomosing  and  gently  undulating  concentric  lines, 
which,  in  the  later  portions  of  the  shell,  are  finely  granulose  or 
serrated  ;  at  about  one  third  the  length  of  the  shell  coarser  var- 
ices of  growth  appear,  between  which  the  tinerlinesare retained. 
Surface  covered  with  hollow  spines  of  various  sizes,  which  appear 
to  have  been  most  closely  set  over  the  umbonal  region  of  the 
pedicle- valve.  Here,  where  the  growth-lines  are  absent,  the 
spine-bases  in  the  original  specimen  are  large  and  all  of  about 
the  same  jize  and  are  disposed  without  order.  Over  the  other 
portions  of  the  shell  the  spines  are  set  along  the  edges  of  the 
varices,  small  and  large  being  indifferently  mixed.  The  bases 
of  the  spines  make  annular  ssvellings  on  the  interior  of  the 
valves  The  length  of  the  original  specimen  is  15  mm.,  width 
12  ram. 

TrentOQ  limestone.     Minneapolis,  Minnesota. 

Orbiculoidea  (Schizotreta)  ovalis. 

Plates,  figs.  12,  13. 
OrbuMlouha  {Schizotreta)  ovalis.  Hall.  Palaeontology  of  N.  Y.,  vol.  VIII, 
pt.  1,  p.  177,  pN  ive,  figa.4,5.  18W2. 
Shell  subelliptical  in  outline.  Valves  with  apices  situated  a 
little  behind  the  center.  Lower  valve  with  the  apex  erect  or 
inclined  slightly  forward.  External  foraminal  j^roove  narnnv, 
extending  for  about  one-half  the  posterior  radius  of  the  valve. 
Surface  about  the  foramen  convex,  but  elsewhere  sliglitlv 
depressed  in  its  slope  from  apex  to  margin.  Upper  valve  more 
elevated  than  the  lower,  apex  inclined  backward.  ])osterii)r  slope 
gently  concave.  Surface  marked  by  elevated  nearly  equidistant 
concentric  stri;v.  Shell-substance  thick,  the  inner  lamitiiu  kIiow- 
ing  fine  radiating_lines]over^the  anterior  region.     Length  of  the 
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original  specimen,  8  mm.,  width,  6  mm.,  thickness  through  the 
apices  of  the  conjoined  valve,  3  mm. 
Trenton  limestone.    MiddlevUle^  N.  Y. 

Orbiculoidea  numulus. 

Plate  2,  fig.  11. 

OrbieuMdea  numtdtUf  Hall .    Palaeontology  of  N .  Y . ,  vol .  Vm .  pt .  1 ,  p.  178, 
pi.  ive,  fig.  14.    1892. 

The  original  specimen  is  a  lower  valve,  having  a  nearly  circular 
outline.  The  apex  is  subcentral,  elevated  and  directed  anteriorly. 
The  external  groove  of  the  foramen  is  moderately  broad  and 
extends  one-half ,  the  length  of  the  posterior  radius.  The  posterior 
slope  is  convex  while  the  anterior  is  depressed  or  slightly  concave. 
Surface  smooth  about  the  apex,  thence  outward  marked  by  a  few 
distant,  elevated,  concentric  lines  or  ridges,  between  which  are 
numerous  fine  concentric  lines.    Length  and  width,  12  mm. 

Lower  Helderberg  group  (Waterlime).    MarahaUy  N.  Y. 

Orbiculoidea   Herzeri. 

Plate  2,  figs.  14-20. 

Orbiculoidea  Herzeri^  Hall.    Palaeontology  of  N.  Y . ,  vol .  VIII,  pt.  1,  p.  178,  pi. 
iv  e,  fig.  19,  and  pi.  iv  f ,  figs.  9-18,  80.    1892. 

Shell  subcircular  in  outline.  Upper  valve  with  an  eccentric 
apex,  situated  less  than  one-fourth  the  length  of  the  shell  from 
the  posterior  margin,  and  directed  backward.  Surface  gently 
convex,  sloping  evenly  forward  from  the  apex,  but  abruptly 
depressed  on  the  post  apical  region.  Lower  valve  with  the  apex 
much  nearer  the  center  ;  shell  almost  flat.  Pedicle-aperture,  in 
the  primary  stages  of  development,  a  triangular  opening  extend- 
ing from  the  apex  to  the  margin ;  this  gradually  closes  with 
advancing  growth,  the  external  groove  at  maturity  extending 
from  one-half  to  two-thirds  the  length  of  the  posterior  radius  of 
the  valve.  On  the  interior,  the  groove  is  frequently  more  or  less 
enveloped  by  the  development  of  testaceous  deposits.  Surface  of 
both  valves  ornamented  by  crowded  concentric  lines  and 
wrinkles.  The  internal  surface  of  the  lower  valve  sometimes 
shows  fine  radiating  lines  and  faint  vascular  sinuses.  Length 
and  width  of  an  adult  individual,  14  mm. 

Waverly  group  (Cuyahoga  shales).  Berea^  Baconaburg  and 
elsewhere^  Ohio. 
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Lindstroemella   aspidium. 

PlateS,  flga,  1-4. 
Linihtnxmella  aspidiuvx,  HalL      Palaeontotogr  of  N.  Y.,  toI.  VIII.  pt.  1, 
p..  178,  pi.  iv  e,  figs.  25-38.     1803. 

This  species  is  read  ily  distinguished  from  Orbicvloidea  {Hcemtr- 
eUa)  grandi»,  its  associate  in  the  fauna  of  the  Hamilton  shalcB, 
and  the  only  form  with  which  tbere  ia  danger  of  confounding  it, 
by  the  convex  pedicle-valve,  the  distant,  elevated,  concentrio 
surfaco-ridgea,  which  have  a  peculiar  undulation  as  they  approach 
the  margins  of  the  foramen.  The  internal  characters  of  the 
shell  are  at  once  distinctive.  (See  discussion  of  these  features 
on  page  134,  cp.  cit.)  Length  and  width  of  a  mature  specimen, 
50  mm. 

Hamilton  group.  Leonardsville,  Hamilton,  Darien  and  Canan- 
daiyiia  Lake,  N.  T. 

Schizocrania  Schucherti. 

Plate  8,  figs.  5-7. 
SiAixaerania  SehucherU,  Hall.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1,  p,  179, 
pi.  iv  g,  figs.  31-SS.     1692. 

Shell  small,  usually  found  unattaohed;  marginal  outline  suh- 
ovate.     Surface  of  pedicle-valve  flat  or  slightly  concave ;  oon- 

centrieally  striated.  Pedicle-aperture  broad  and  sharply  triangu- 
lar. Brachial  or  upper  valve  strongly  convex,  often  laterally 
compressed.  Umbo  full  and  rotund,  incurved  at  the  apex,  which 
is  almost,  but  not  cjuite,  marginal.  Surface  covered  by  numerous 
simple,  sharply  elevated,  uninterrupted  stri;t',  fretjuently  crossed 
by  concentric  wrinkles.  On  the  interior  of  tliis  valve  only  the 
strong  posterior  muscular  impressions  are  distinctly  shown. 
Hudson  group.     Cmchmati,  Ohio. 

Schizocrania  (?)  Helderbergia. 

Plate  3.  figs.  8,  9. 
Schiioeritnia  (J*)  HMerhergia.  Ilall.  Palacoiitology  of  N.  Y.,  vol.  VIII,  pt.  1 
p.  170,  pi,  iv  g,  (i({H,  34,  35.  1892. 
Shell  subcircular  in  outline.  Upper  valve  convex ;  apex  pos- 
terior and  marginal.  Surface  covered  with  fine,  closely  crowded, 
elevated,  radiating  lines,  which  extend  to  the  apex,  and  increase 
by  intercalation.  Lower  valve  flat  and  of  less  diameter  than 
the  upper.  Apex  subcentral,  posterior.  Foramen  apparently  a 
narrow  triangular  slit  extending  to  the  margin,     A  shurt  median 
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B0ptam  extends  forward  from  the  apex.  External  sorfaoe  oov* 
ered  with  low,  crowded  and  rather  faint  oonoentrio  liheB.  On 
the  interior,  the  surface  bears  a  series  of  distant,  deep  bnt  nar- 
row radiating  farrows,  about  twenty-five  in  number ;  these  do 
not  reach  the  apex,  and  increase  in  number  toward  the  margin. 
Between  them  are  very  fine  radiating  lines.  The  animal  was 
parasitic  in  its  habit,  attachment  being  considerably  aided  by  the 
overlapping  margin  of  the  upper  valve.  Length  and  width  of 
an  average  adult ;  upper  valve,  9  mm.,  lower  valve,  7.5  mm. 
Lower  Helderberg  group.    Newt  Clarkwillej  IT.  IT. 


agaricina. 

Plate  8,  fig.  10. 

Orania  aoaricdna,  HalL    Palaeontology  of  N.  Y.,  voL  Yin,  pt  1,  p.  ISO.  pL 
!▼  h,  fig.  8.    1898. 

Shell  small.  Apex  posterior,  slighly  elevated.  Surface 
covered  by  a  few  coarse,  elevated,  radiating  lines,  of  which 
about  twdve  reach  the  apex.  These  increase  by  intercalatio]( 
toward  the  margin  to  about  thirty.  The  edges  of  these  ridges 
appear  to  be  minutely  granulose.  Length  of  the  original  speci- 
men (allowing  for  its  incurvature  upon  the  surface  of  attach- 
ment),  5  mm. 

Lower  Helderberg  group.    Jfear  ClarksvUUy  N.  Y. 

Crania  pulchella. 

Plate  8,  fig.  14. 

Crania  pulchella^  Hall.     Palaeontology  of  N.  Y.,  voL  VIII,  pt.  1,  p.  180,  pL 
iv  h,  fig.  8.     1892. 

Shell  like  that  of  C,  agaricina,  but  larger  and  with  much 
finer,  more  numerous  radiating  ribs.  These  are  about  sixty  in 
number  at  the  margin  of  the  valve.  Length  of  the  original 
specimen,  8  mm. 

Lower  Helderberg  group.    Near  Clarksvillej  N.  Y. 

Crania  granosa. 

Plate  3,  figs.  11,  12. 

Crania  granosa,  Hall.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1,  p.  180,  pi.  iv  h, 
figs.  19,  20.     1892. 

The  original  specimen  is  an  upper  valve,  quite  irregular  in  its 
growth,  with  a  nearly  central  beak  and  strong  convexity.    The 
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Jsurfaoe  is  completelj  covered  with  closely  set  granules  which  are 

LBomeivhat    coarser    toward    the    margins.      A  few    concentrio 

I  wrinkles  of  growth  are  also  visible.    Diameter,  18  mm. 

Hamilton  group.     Cmterfield,  N.  Y. 

Crania  favincola. 


I.C^nia  favincola.  Hall.  Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1,  p.  181,  pi. 
iT  h,  fig.  S8.    1893. 

Two  interiors  of  the  lower  valve  attached  to  a  colony  of  Faoo- 
l«tte«^i>uffl  have  very  strongly  developed  muscular  and  vascular 
I  impressions.  The  posterior  scars  are  large  and  their  strongly 
I  ^evated  margins  unite  with  the  broad  lateral  border  of  the  shell. 
I  The  anterior  scars  are  situated  in  front  of  the  center  and  are 
[  partially  enveloped  by  the  great  elevation  of  the  anterior  and 
Imedian  fulcra.  The  vascular  sinuses  are  broad,  slightly  undulat- 
T  ing  grooves,  extending  from  the  median  region  to  the  anterior 
[border.     Length,  17  mm.,  width,  21  mm, 

Hamilton  group.     Grab  Orchard,  Kentucky. 

Craniella  Ulrichi. 

PlateS,  fige.  15,  16. 
Craniella  Ulrichi.  Hall.     Palaeontology  of  N.  Y,,  vol.  VIII,  pt.   1,  p.  181,  pi. 
iv  i,  flg8.   I,  2.     1893. 

Shell  moderately  large.  Outline  normally  circular.  Apices 
subcentral,  slightly  posterior,  inclined  backwards.  Upper  valve 
with  the  posterior  scars  large  and  the  adjustors  well  defined; 
anterior  scars  subdivided,  the  outer  or  posterior  portion  possibly 
representing  the  insertion  of  the  brachial  muscles.  The  vascular 
sinuses  make  a  3-shaped  curve  on  the  lateral  portions  of  the  valve, 
with  the  crest  of  the  double  arch  toward  the  center;  narrowing 
rapidly,  becoming  indistinct  over  the  anterior  region.  Lower 
valve  regularly  oonve.x,  evidently  unattached  at  maturity.  An- 
terior adductors  very  large,  situated  on  a  thickened  posterior 
area.  Posterior  adductor  and  adjustor  scars  very  faint,  lying 
just  within  the  margin.  The  vascular  sinuses  are  a  series  of  low- 
grooves  extending  forward  in  subparallel  lines  from  the  anterior 
and  lateral  margins  of  the  central  muscular  area.      External 
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surface  of  the  valves  smooth  or  covered  with  concentric  sub- 
lamellose  growth-lines.    Length  of  an  upper  valve,  11  mm.;  width| 
12  mm. ;  diameter  of  a  lower  valve,  16  mm. 
Trenton  shale.    Minnea^olia^  Minnesota. 

Pholidops  calceola. 

Plate  8,  fig.  30. 

Pholidopi  calceola^  Hall.     Palaeontology  of  N.  Y.,  vol.  VIU,  pt.  1,  p.  1S2, 
pi.  ivi,fig.  80.     1892. 

Shell  small.  Outline  subelliptical,  the  posterior  margin  being 
narrowed  by  the  extension  of  the  beak,  which  is  long  and  acute, 
slightly  elevated  above  the  plane  of  the  margin.  External  surface 
marked  by  concentric  lamellose  growth-lines,  which  extend  about 
the  posterior  side  of  the  beak.  Muscular  area  central ;  posterior 
margin  divided  into  a  broad  central  and  two  lateral  arches,  from 
the  latter  the  outline  extending  in  a  regular  curve  to  the  anterior 
margin.  Adductor  scars  sharply  defined.  The  dorsal  (?)  valve 
only  is  known.    Length  of  the  original  specimen,  3.5  mm. 

Cornif  erous  limestone.    Falls  of  the  Ohio. 

Pholidops  patina. 

Plates,  figs  17-19. 

Pholidops  patina  f  Hall.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1,  p.  182,  pi, 
ivi,  figs.  27-29.     1892. 

Shell  comparatively  large ;  outline  elongate-ovate  or  elliptical. 
Length  to  width  as  3  to  4.  Apex  posterior.  Surface  covered 
with  lamellose  concentric  growth-lines,  which  are  crossed  by 
fine,  interrupted  radiating  striae.  The  interior  of  the  ventral  (?) 
valve  has  the  anterior  and  posterior  adductors  well  defined,  the 
latter  being  lobate.  The  median  scars  are  well  developed  and 
the  parietal  impression  acutely  angled  at  the  center.  In  the 
opposite  valve  the  anterior  edges  of  the  muscular  area  are 
sharply  elevated,  both  pairs  of  adductor  scars  prominent,  and  the 
parietal  scar  extended  posteriorly. 

Corniferous  limestone ;  from  boulders  of  decomposed  chert. 
DeCewville,  Ontario, 
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Orthis  Panderiana. 

Pkte4,  Bga-l-a. 

OrthU  nrthambonitfg.  Billings.      Palaeozoic  Fossils,  Tol.    I,    p.    T7.    1862. 
OrlhiK  Pandt-riana.  Hull.      Palaeontology  o(  N.  Y.,  vol.  VIII.  pt.  1.  eipl. 
pi.  T,  HgH.  1-3,  and  foat-Dot«. 

This  shell  was  identified  by  BiLLmas  with  the  OHhia  calli- 
gramma,  var.  Orthamhonites,  de  Verneuil,  under  the  designation 
0.  orthamlionites,  Pander.  Pakder,  however,  did  not  employ 
this  term  in  a  specific,  but  in  a  generic  sense,  though  it  was  sub- 
sequently taken  by  von  Bdch  and  von  Eiohwald  as  a  sppcific 
designation  to  cover  all  the  species  referred  by  Pandbh  to  h 
genus  Oktoambosites.  As  a  spcciSc  term  it  must  be  accredited 
to  von  Buc  I.  and  it  is  synonymouB  with  some  one  (it  is  impossible 
to  say  which)  of  Pand  -.r'o  species.  The  American  shell  is  quite 
distinct  from  the  Russian  fJ.  caUigra?nma  var,  ortha/nionites  in 
its  smaller  size,  fewer  and  coarser  ribs. 

^^Pointe  ZSvis.     In  tht:  upper  part  of  Limestotie  No.  2.     Quebfo 
group."    (BiLLiKoe.) 

Orthis?  glypta. 

Plate  4,  flgB.  0,  6. 

.  Y.,  vol.  VIII,   pt.  2,   p   859,  pi. 


Shell  small,  transverse,  with  long,  straight  hinge,  making  the 
greatest  diameter  of  the  shell;  short  along  the  median  axis; 
■  marginal  outline  transversely  subelHptical.  Pedicle-valve  with 
a  broad  and  low  median  sinus  and  generally  depressed  surface. 
The  exterior  bears  from  twelve  to  sixteen  low.  Hat  plications, 
separated  by  narrow  sulci,  and  sometimes  with  a  fine  groove  od 
the  surface  of  each.  These  extend  from  apex  to  margins,  and 
are  crossed  by  fine,  undulating,  subconcentric  lines  apparently 
in  two  oblique  sets,  producing  a  peculiarly  reticulated  or  wavy 
surface,  similar  to  that  occurring  in  the  Swedish  Silurian  species, 
0.  Loveni,  Lindstrom,  The  muscular  area  of  the  pedicle- valve  is 
small.     Length  of  an  average  pedicle- valve,  12  mm.,  width,  18 
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Orthis  flabellites  var.  spania. 

Plate  4,  fig.  4 

Orthis  flabellites  var.  spania,  Hall.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2^ 
expl.  pi.  Izxziv,  fig  10.    1894. 

Shell  with  the  general  aspect  of  0.  flaheUiteSy  Hall,  but  with 
very  coarse  plications,  scarcely  more  than  one-half  the  number 
usual  in  that  species. 

Niagara  dolomites.    Newr  Milwaukee^  Wisconsin, 

Orthis  ?  Holstoni  {JSafford)y  Hall. 

Plate  4,  figs.  10-21. 

Orthis  f  Holstoni,  Safford.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1,  p.  840,  pL 
V  a,  figs.  85-37.    1892. 

Shell  transverse;  outline  semicircular,  flinge-line  long  and 
straight.  Pedicle-valve  with  a  high,  vertical,  cardinal  area, 
transected  by  a  very  broad,  uncovered  delthyrium ;  beak  not  in- 
curved; surface  sloping  evenly  toward  the  margins,  slightly 
rounded  in  the  median  line,  and  faintly  depressed  toward  the 
cardinal  angles.  Brachial  valve  depressed  convex,  nearly  flat, 
with  a  broad  and  low  median  sinus. 

Surface  of  both  valves  covered  with  fine,  elevated,  radiating 
striae,  crossed  by  faint,  concentric,  cancellating  lines  which  have 
a  slight  retral  bend  on  the  stria?. 

This  shell  has  very  much  the  aspect  of  a  Clitambonitb',  but  of 
the  two  specimens  examined,  neither  has  evidence  of  a  deltidium 
plate,  and  a  transverse  section  across  the  umbo  of  one,  shows 
that  the  dental  lamella^  though  strong  and  convergent,  did  not 
unite  to  form  a  spondylium.     Received  from  Professor  Safford. 

Trenton  horizon  (Glade  limestone).     Near  Nashville^  Tennessee. 

Orthis  (Plaesiomys)  loricula. 

Plate  4,  figs.  7-9. 

Orthis  (Phvsiomys)  loric\da.  Hall.      Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  U 
p.  341,  pi.  V  a,  figs.  32-84.     1892. 

Shell  strophomenoid  in  outline ;  reversed  convex.  Hinge-line 
long  and  straight,  making  the  greatest  diameter  of  the  shell. 
Cardinal  areas  narrow,  subequal.  In  the  pedicle-valve  the  del- 
thyrium is  covered  b}^  a  convex  plate  extending  for  one-half  its 
length ;  the  area  is  erect,  the  beak  not  prominent.     The  valve  is 
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slightly  convex  in  the  urabonal  region,  but  is  depressed  outward 
in  all  directions,  most  strongly  in  the  median  line.  The  brachial 
valve  is  depressed  about  the  beak,  convex  over  the  pallial  region 
and  divided  in  the  median  line  by  a  shallow  ainus.  The  interior 
characters  of  the  valves  are  essentially  the  same  as  those  in 

IOrthia  subquadrata. 
External  surface  covered  with  numerous  fine,  elevated  strisp, 
kltornating  in  size  and  crossed  by  finer  concentric  lines. 
Length  of  an  average  specimen,  18  mm,;  width,  21  mm. 
Trenton  horizon.     Fountain,  Minnesota. 


Orthis?  Saffordi. 

PlaW  4,  figa.  10-13. 
■Wis  f  Saffordi,  HbII.     Palaeontology   o(  N.  Y.,  voL  VIII,    pt.  1,  p.  810.  pi, 
figs.  3S-40.     1S93. 

Shell  semielliptical  in  outline ;  valves  subequally  convex,  the 
pedicle-valve  being  the  more  elevated  at  the  apex.  Ringe-line 
long  and  straight,  giving  the  shell  a  strophomenoid  appearance. 
Cardinal  area  low  ;  delthyrium  uncovered. 

Surface  covered  with  numerous  rounded,  sharply  elevated 
striiE,  increasing  by  intercalcation,.and  crossed  by  exceedingly 
fine  concentric  lines.  The  details  of  the  interior  are  not  known, 
but  the  relations  of  the  shell  to  Oethis  are  demonstrated  by  the 
open  delthyrium  and  simple  cardinal  process,  slightly  lobate  on 
its  pcsterior  face. 

Length  of  the  type  specimen,  17  mm.;  width  along  the  hinge, 
22  mm, 

Trenton  horizon,     Fast  Tennessee. 

Orthis  (Dalmanella)  arcuaria. 

Plate  4,  figs.  13.  14. 
Orthis  {Dalmanella)  arcuaria,  Hall.  Palaeontology  ot  N.  Y.,  vol.  VIII,  pt.  1, 
p.  341,  pi.  V  c,  figs.  20.  21.  1893. 
Shell  with  a  general  similarity  to  that  of  Orthis  elegantuJa, 
Dalman,  but  having  the  marginal  outline  more  circular,  the 
pedicle-valve  more  evenly  convex,  the  umbo  more  prolate,  and 
the  brachial  valve  considerably  more  convex.  The  pedicle-valve 
bears  a  broad  fold,  and  the  brachial  a  shallow  sinus,  in  the  median 
line.    In  the  interior  of  the  pedicle-valve  the  muscular  area  is 
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elongate  and  very  deeply  impressed,  the  umbonal  portion  of  thia 
valve  being  considerably  thickened. 

Surface  covered  with  numerous  very  fine  radiating  striae. 

Length  of  the  type  specimen,  19  mm.;  width,  18  mm.;  depth^ 
9  mm. 

Hudson  River  group.    East  Tenjiessee. 

Orthis  (Dalmanella)  superstes. 

Plate  4,  figs.  15-18. 

Orthis  (DahnaneUa)  super ates^  Hall.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1^ 
p.  842,  pL  Y  c,  figs.  44-47.     1892. 

Shell  of  small  size  and  having  the  general  form  and  expression 
of  0.  hybrida^  Sowerby.  Hinge-line  short,  beaks  but  slightly 
elevated.  Marginal  outline  varying  from  subquadrate  to  sub- 
circular.  Valves  about  equally  convex.  In  the  pedicle-valve  the 
beak  is  somewhat  inflated  and  slopes  evenly  in  all  directions  for 
nearly  one-half  of  the  shell;  from  this  point  onward  is  a  broad, 
low  median  sinus,  which  is  most  conspicuously  developed  in  old 
and  gibbous  shells.  In  rare  instances  there  is  a  low  elevation  in 
the  bottom  of  this  sinus.  The  opposite  valve  also  bears  a  median 
sinus  which  takes  its  origin  at  the  beak.  In  the  interior  of  the 
pedicle-valve  the  muscular  area  is  sharply  defined,  subquadrate 
in  outline,  the  adductor  scars  small  and  the  diductors  well 
developed.  In  the  brachial  valve  the  cardinal  process  and  crural 
plates  are  prominent;  the  muscular  area  well  defined  and 
quadruplicate. 

The  external  surface  of  the  valves  is  covered  with  fine,  elevated 
striae,  of  which  twenty  of  the  coarsest  reach  the  beak;  this  number 
increasing  by  intercalation  to  about  fifty  at  the  margin.  Near 
the  margin  very  fine  concentric  stria?  are  visible. 

Length  of  normal  individual,  12  mm. ;  width,  13  mm. ;  depth, 
9  mm. 

Chemung  group.     Near  Howard^  SUxiben  county^  N,  Y. 

Orthis  (Rhipidomella)  Oweni. 

Plate  4,  figs.  24-26. 

Orthis  (RhipidomeUa)  Owetii,  Hall.      Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1, 
p.  342,  pi.  vi,  figs.  19-21.     1892. 

Shell  having  somewhat  the  outline  of  0.  Vanuxemi,  but  more 
elongate  transversely  and  gently  sinuate  or  emarginate  on  the 
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aaterior  edge.  The  shells  are  usually  flattened,  but  where  the 
form  is  retained  the  pedicle-val  ve  shows  a  hinge-line  whose  length 
is  somewhat  less  than  one  half  the  transverse  diameter  ot  the 
shell.  The  beak  is  acute,  the  umbo  full  but  not  conspicuous. 
Along  the  center  of  the  valve  is  a  broad,  low  sinus,  frequently 
very  inconspicuous.  The  interior  of  this  valve  is  characterized 
by  the  relatively  small  area  covered  by  the  muscular  scars,-  a 
feature  in  which  it  resembles  0.  Pdorls  of  the  Schoharie  grit. 
The  pallial  region  is  pitted  or  covered  with  faint,  closely  anasto- 
mosing ridges.  On  the  brachial  valve  the  median  sinus  begins  at 
the  apex  and  becomes  very  pronounced  as  it  widens  anteriorly. 
From  the  ridges  forming  its  lateral  margins  the  surface  slopes 
rather  abruptly  and  without  much  curvature.  On  the  interior 
the  cardinal  process  and  crural  plates  are  not  prominently  elevated; 
the  muscular  area  is  small,  (juadri partite,  the  lateral  pairs  of  scars 
being  separated  by  a  broad,  thick  ridge. 

Surface  of  both  valves  covered  by  a  great  nnmber  of  fine 
radiating,  hoUow  striie,  from  110  to  130  in  number,  which  are 
crenulated  by  minute  concentric  lines  and  crossed  at  intervals  by 
coarser  lines  of  growth.  The  surface  was  originally  covered 
with  short  spinules,  which  are  rarely  preserved.  This  shell  has 
heretofore  been  commonly  referred  to  Orthln  Michflmi,  L^veille. 

Keokuk  group  (Knobstone  formation).  Button-niwdd  Knohs, 
Kentucky. 

Orthis  (Schizophoria)  senecta, 
Plat^  4,  fi(-3.  33,  23. 
Orthh  (Schizophoria)  si-nfcfu,  Hall.     Palaeontology  of  N.  Y..  vol.  VIII,  pt.  1,  ]i 
843,  pi.  via,  figs.  33,24.     1SU3. 

Shell  subquadrate  or  transversely  elliptical,  resupinate,  un- 
equally biconvex.  The  pedicle-valve  is  depressed  convex  in  the 
umbonal  region  and  develops  a  broad,  low  median  sinus  toward 
the  anterior  margin.  The  brachial  valve  is  the  more  convex  and 
slopes  evenly  toward  the  lateral  margins,  the  median  region 
being  rendered  slightly  more  prominent  by  an  obscure  fold. 

Internal  markings  as  in  other  members  of  Sc/n/iji-HimiA. 

External  surface  covered  with  fine,  subequal,  closely  covered 
radiating  strife. 

Length  of  a  typical  example,  17  mra.;  width,  21  mm. 

Clinton  group.     L'eynale's  Basin,  Niagara  county,  Xew  York. 
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Orthotropia  dolomitica. 

Plate  6,  figs.  4-8. 

Orthotropia  dolomitica,  Hall.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  expl. 
pi.  Ixxxiv,  figs.  8-7.     18»4. 

Shell  known  only  from  internal  casts,  which  are  somewhat 
elongate,  biconvex;  the  pedicle- valve  having  a  prominent  and 
slightly  arched  umbo,  and  a  distinct,  triangular  cardinal  area. 
The  hinge-line  is  straight,  but  shorter  than  the  greatest  width  of 
the  valves.  Both  valves  are  most  convex  in  the  umbonal  region, 
and  slope  to  the  anterior  margin,  each*  with  a  median  sinus. 
The  delthyrium  is  open ;  the  muscular  impression  of  the  pedicle- 
valve  short,  deep  and  restricted  to  the  rostral  region.  Its  mar- 
gin is  elevated  and  a  short  vertical  median  septum  extends  from 
its  anterior  margin.  In  the  brachial  valve  the  muscular  impres- 
sion is  very  narrow,  also  has  elevated  edges  and  a  median 
septum. 

Niagara  dolomites,    ^ear  Milwaukeey  Wisconsin. 

Strophomena  Conradi. 

PUte  4,  figs.  27-80. 

Strojhomena  Conradi,  Hall.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1,  p.  844, 
pl.  ix  a,  fig.  8,  and  pi.  xx,  figs.  32,  33.     1892. 

Shell  semiovate  in  outline ;  hinge-line  straight  and  forming  the 
greatest  diameter  of  the  shell.  Cardinal  area  narrow  on  both 
valves ;  broader  on  the  pedicle- valve  and  but  slightly  elevated  at 
the  umbo.  Delthyrium  covered ;  deltidium  perforated  at  the 
apex.  Pedicle-valve  convex  in  the  umbonal  region,  but  becoming 
deeply  depressed  and  concave  over  the  middle  of  the  shell  and 
again  elevated  about  the  margins.  The  depression  of  the  valve 
is  most  conspicuous  along  the  median  line  and  on  the  anterior 
margin  where  it  produces  a  subnasute  extension.  The  brachial 
valve  is  flat  or  slightly  concave  at  the  umbo,  becoming  convex 
over  the  pallial  region  ;  it  reaches  its  greatest  convexity  at  about 
the  middle  of  the  shell  and  is  thence  deflected  gradually  in  the 
median  line  and  more  abru])tly  on  the  lateral  slopes. 

Surface  of  the  shell  covered  with  radiating  strise,  arranged  in 
fascicles  of  4  to  7  fine  ones  between  each  pair  of  coarser  ones. 
There  are  no  concentric  rugio  on  either  valve,  but  the  radiating 
striae  are  crossed  by  exceedingly  minute  concentric  lines. 
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"Width  of    the  original  specimen  along  the  hinge,  23  mm.'; 
greatest  length,  19  mm. 
Trenton  limestone.    Jat:ksimhurg,  iV.  Y. 

Strophomena  Winchelli. 

Plat«  4,  figs.  31-88. 

strophomena  nutans,  H&ll.    ItepL  BUte  OeologiHt  N.  Y.  for  188S.  ezpL  pi.  (ix) 

89.  figs.  10.  13-14.    1983. 
Strophomena  Winchtlli.   BflM.     PaJaeontolof^  of   N.  Y.,  vol.  VIII,  pt.   1,  p. 
314,  pi.  ijt,  figa.  10,  la-U,  and  pi.  xx,  fig.  2Q.  1893. 

Shell  elongate  semiovate  ;  strongly  convexo-concave.     Hinge- 
line  straight  and  making  the  greatest  diameter  of  the  shell. 
■Cardinal    angles    sometimes    extended.     Pedicle-valve    with    a 
moderately  broad  area  and  deltidium;  apex  slightly  elevated,  the 
■Tftlve  becoming  deeply  concave  over  the  pallial    region  and 
reflected  at  the  margins.     The  teeth  are  strong  and  divergent, 
Old  from  their  bases  extend  elevated  curving  ridges  which  form 
ihe    margin    of    the  subcircular    or  subovate    muscular    area, 
iduetor  scars  broad,  inclosing  an  elongate  and  narrow  adductor. 
rithin  the  anterior  and  lateral  margins  of  the  valve  is  a  thick- 
'  ened  ridge  which  is  crossed  by  branches  of  the  vascular  sinuses. 
Brachial  valve  flat  in  the  umbonal  region,  very  convex  over  the 
median  portion  and  sloping  gradually  to  the  margins.     The  car- 
dinal process  consists  of  two  slender  and  short  apophyses  which 
are  united  at  their  base   with   the  crural  plates.     The  latter  are 
very  divergent  and  extend   in  a  broad  curve  subparallel   to  the 
hinge-line.     The  muscular  scars  consist  of  two  pairs,  the  posterior 
being  broad  and  striated,  the  anterior  narrow  and  close  to  tlie 
median  line.     The  members  of  the  pairs  are  se]»arated  by  a  low 
median  ridge.     Surface  of  the  shell  covered  with  numerous  very 
fine  filiform  stri.T,  regularly  but  not  conspicuously  alternating  in 
size.     Delicate  concentric  stria'  are  sometimes  discernible. 
Trenton  horizon.     Cliflon  and  JanesvUle,   "Wisconsin. 
This  shell  has  been  referred  to  the  Ihimpronites  «  utans,  James 
(ileek),  of    the  Hudson   liiver  group,  which  it  resembles  in  its 
general  expression.     It  differs  from   this  SDCcies  in   its  internal 
characters  and  more  finely  and  abnndant  striated  exterior. 
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Orthothetes  desideratus. 

Plates,  figs.  1,2. 

Streplorhynchtui,  «p.;  Hall.    Rept.  State  Oeologist  N.  Y.  for  1882,  pi.  <xi  a) 
42,  figs.  26,  27.     1883. 

Orthotetes  denderatua.  Hall.     Palaeontology  of  N.  Y.,  vol.  VHI,  pt.  l,p.  845, 
pi.  ixa,  figs.  26,  27.     1892. 

The  original  specimens  of  this  species  are  internal  casts  of  a 
form  with  a  subcircular  marginal  outline,  very  gibbous  brachial 
valve  which  has  its  greatest  convexity  central  and  slopes  evenly 
to  the  margins,  though  with  a  slight  tendency  to  depression 
toward  the  cardinal  extremities ;  a  strongly  and  regularly  con- 
cave pedicle- valve,  elevated  at  the  beak  and  about  the  margins. 
The  cardinal  area  on  this  valve  is  moderately  high  and  erect,  the 
hinge-line  being  slightly  shorter  than  the  greatest  diameter  of 
the  valves.  The  surface  of  both  valves  is  covered  with  numer- 
ous fine  radiating  striae.  The  general  form  and  contour  of  the 
species  is  very  similar  to  that  of  Orthothetes  umhracvlum  of  the 
Eifel. 

Waverly  group.     Medina  county ^  Ohio. 

Derbya  ruginosa. 

Plate  5,  figs.  12-14. 

Derbya  rutfinosa,  Hall.      Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1,  p.  346,  pi. 
xia,  figs.  25-27.     1892. 

Shell  subelliptical  in  outline.  Hinge-line  short,  its  length 
being  about  two  thirds  the  greatest  diameter  of  the  shell.  Ped- 
icle-valve shallow ;  cardinal  area  moderately  high,  its  lateral 
slopes  being  slightly  more  than  one-half  the  length  of  its  base ; 
apex  scarcely  prominent ;  surface  depressed  or  flat  in  the  umbonal 
region,  becoming  irregularly  concave  anteriorly.  Entire  valve 
very  irregular  in  growth,  with  concentric  ridges  and  furrows. 
Brachial  valve  very  convex ;  apex  depressed,  but  the  umbonal 
region  gibbous,  the  greatest  convexity  being  i:eached  at  the  cen- 
ter of  the  valve.  This  valve  is  also  of  irregular  growth,  though 
the  irregularities  are  not  so  strongly  developed  as  on  the  oppo- 
site valve.  The  original  specimen  is  an  internal  cast  in  chert  to 
which  portions  of  the  inner  laminae  of  the  shell  adhere.  There 
are  evidences  of  a  flabellate  muscular  scar  on  the  pedicle- valve 
and  a  short  ovate  muscular  area  in  the  brachial  valve. 
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The  traces  of  the  surface  stria?  preserved  show  them  to  have 
been  very  fine  and  numerous. 

Keokuk  limestone.     iVrtc  Providence,  Indiana. 

This  species  is  similar  in  some  preneral  respects  to  Derhya 
Broadheadi,  but  differs  in  its  narrower  and  lower  cardinal  area, 
loss  convex  umbo  on  the  brachial  valve  and  in  the  absence  of  a 
median  sinus  on  this  valve.  It  may  be  compared  with  the  Sirep- 
torhynchus  creniatria,  var,  senilis,  Phillips  (Davidson),  from  the 
lower  Carboniferous  of  Great  Britain, 

Derbya  ?  costatula. 

.  Plate  5,  fig.  9. 


Shell  small,  outline  seraioval.  Hinge-line  nearly  equal  to  the 
greatest  diameter  of  the  valve.  Cardinal  area  moderately  high, 
with  a  prominent  deltidium  very  wide  at  the  base.  Pedicle- 
valve  with  an  elevated  beak  from  which  the  surface  slopes  to  the 
margins  with  a  tendency  to  irregular  growth.  Brachial  valve 
faintly  depressed  at  the  umbo,  but  otherwise  pretty  regularly 
omvex,  the  moit  elevated  point  being  a  little  behind  the  middle 
of  the  valve.  Thijre  is  ;i  faint  mediun  sinus  ovor  the  anterior 
region. 

Surface  marked  with  a  few  coarse  radial  ribs,  between  each 
two  of  which  are  implanted  one,  two  or  three  much  liner  ones. 
These  ribs  are  crossed  by  a  few  distinct  concentric  varices  of 
growth. 

Chester  limestone.     Crlltcnden  county,  Kentucky. 

This  species  is  readily  distinguished  by  the  character  of  its  sur- 
face ornamentation,  and  though  the  interior  features  of  the  shell 
are  as  yet  unknown,  a  very  closely  allied  form  from  the  upper 
Coal  Measures  near  Kansas  City  has  a  well  developed  median 
septum  in  the  pedicle  valve,  and  is  hence  to  be  referred  to  the 
genus  Derbya. 

Derbya  Broadheadi. 
Plates,  flgs.  15,  16. 
Derbya  Brou'lheadi,  Hall.    Palaeontology  of  N.  Y.,  vol.  VIII,  jt.  1,  i>.  347, 
pi  xi  a,  figs.  28,  24.     1892. 

Shell  with  irregularly  suboval  marginal  outline,  Ilinge-line 
short,  its  length  not  exceeding  and  usually  less  than  one-half  the 
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greatest  diameter  of  the  valves.  Cardioal  area  of  the  pedicle- 
valve  high,'  sometimes  regularly  triangular,  often  distorted  or 
somewhat  incurved ;  deltidium  broad  at  the  base  and  rapidly- 
tapering  with  a  faint  median  groove  on  its  surface.  Pedicle- 
valve  convex  in  the  umbonal  region,  irregularly  rugose  and 
depressed  over  the  pallial  area.  Brachial  valve  very  gibbous  at 
the  umbo,  the  greatest  convexity  being  behind  the  center  of  the 
valve.  From  the  umbonal  region  the  surface  slopes  evenly  toward 
the  lateral  and  anterior  margins,  but  is  more  abruptly  depressed 
toward  the  cardinal  extremities  where  it  forms  short  subalate 
expansions.  The  valve  is  but  slightly  unsymmetrical  and  is 
bilobed  by  a  conspicuous  median  sinus  which  takes  its  origin  near 
the  umbo,  and  widens  to  the  anterior  margin. 

Surface  covered  by  fine  radiating  striae  which  are  of  subequal 
size  over  the  umbonal  region,  but  toward  the  margin  became 
arranged  in  fascicles  on  account  of  the  addition  of  finer  striae  as 
growth  advances.  Concentric  rugae  and  growth- varices  are  fre- 
quent, especially  on  the  pedicle-valve. 

Upper  Coal  Measures.     Near  Kansas  Clty^  Missouri, 

Derbya  Bennetti. 

Plates,  figs.  3-8. 

Derlya  Bennetti  Hall.     Palaeontology  of  N.  Y.,  vol.  VII [,  pt.  1,  p.  348,  pi. 
xi  a,  figs.  34-39.     1892. 

Shell  subtrihedral  in  general  aspect,  quite  irregular  in  its 
growth.  Hinge-line  short,  its  extremities  on  both  valves  being 
auriculate.  Pedicle  valve  much  the  more  irregular  in  growth, 
sometimes  retaining  the  scar  of  attachment  at  its  apex.  Cardinal 
area  unusually  high,  narrow,  erect  or  slightly  incurved,  and 
frequently  distorted  ;  delthyrium  curved.  General  surface  of  the 
valve  depressed-convex  in  the  middle,  sometimes  rapidly  sloping 
in  all  directions,  at  others  concave  in  the  umbonal  region;  as  a 
rule  very  unsymmetrical.  The  brachial  valve  is  deep,  more  regu- 
larly convex  and  has  a  full  rounded  umbo  and  a  conspicuous 
median  sinus.  On  the  interior  the  pedicle  valve  bears  an 
extremely  high  median  septum  which  is  united  with  the  dental 
ridges  near  the  apex.  The  cardinal  process  is  high,  erect  and 
deeply  bilobed,  each  of  its  apophyses  being  strongly  grooved  on 
its  posterior  face.     Other  internal  characters  unknown. 
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I      The  surface  of  both  valves  is  covered  by  fine,  elevated,  thread- 

I  like  strife  increasing  very  slowly  by  intercalation.     The  edges  of 

I  these  striffl  bear  numerous  minute  asperities  which  may  be  due 

to  the  crossing  of    fine   concentric   lines.     Irregular   lines   and 

wrinkles  of  growth  are  abundant  near  the  margins. 

Upper  Coal  Measures.     Near  Kansas  City,  Musonri. 

I  Derbya  cymbula. 

I  Plate  6,  figH.  1,  a. 

[  !}« rbvu  c]/mhulu.  Hall.      Palaeontology  of   N.  Y .,  toI.  VIII,  pt,  1,  p.  346,  pU 
I  xib,  figs.  3,  8.    1892. 

L      Shell  large  ;  marginal  outline  transversely  subellipticaL  Hinge- 
I  line  straight,  its  length  being  about   two-thirda  the  greatest 
diameter  of  the  shell.     On  the  pedicle  valve  the  cardinal  area  ia 
I  high,  its  base  being  one-third  longer  than  its  sides,  and  it  may  be 
somewhat  unsymmetrical  from  distonion.     Its  surface  is  finely 
t  striated  both  longitudinally  and  transversely,  and  is  divided  into 
Lan  outer  and  inner  portion  by  two  lines  diverging  from  the  apex 
IfUid  meeting  the  hinge-line  halfwaj'  between  its  extremities  and 
r  the  edges  of  the  deltidium.     Deltidiam  broad  at  the  base,  rapidly 
narrowing  for  one-third  its  length,  whence  tapering  more  gradually 
to  the  apex;  its  surface  is  marked  by  a  well  defined  median  groove 
for  its  entire  extent.     The  surface  of  the  valve  is  elevated  in  the 
umbonal  region  and  slopes  somewhat  irregularly  to  a  low  depres- 
sion over  the  pallial  region  and  about  the  margins.     The  brachial 
valve  is  broadly  concave  at  the  umbo,  but  rapidly  becomes  regu- 
arly  convex,  the  greatest  convexity  being  in  the  middle  of   the 
valve,  whence  it  slopes  almost  equally  in  all  directions.      There 
is  no  evidence  of  a  tendency  to  irregular  growth  in  this  valve. 
Surface  covered  with  numerous  fine,  sometimes   irregular  striii-, 
ncreasing   by   implantation.       Over   the   umbonal   and    pallial 
■egions  these  strife  are  of  about  equal  size,  but  aboutthe  margins 
tendency  to  fasciculate  arrangement  is  more  apparent.     Inte- 
'ior  structure,  except  the  existence  of   a  median  septum  in  the 
pedicle- valve,  unknown. 

Upper  Coal  Measures.     Near  Kansas  City,  MissouH. 
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Derbya  afiinis. 

Plate  6,  figs.  10,  11. 

Derb^  afflnia,  Hall.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1,  p.  849,  pi.  xi  b, 
figs.  4,  5.    1893. 

Shell  subsemicircular  in  outline,  somewhat  transverse.  Hinge- 
line  straight,  nearly  equaling  the  greatest  diameter  of  the  valves. 
Cardinal  area  of  the  pedicle- valve  high,  its  greatest  height  being 
about  equal  to  one-third  the  length  of  the  hinge-line;  divided  by 
diverging  lines  as  in  the  preceding  species  and  crossed  by  con- 
spicuous  horizontal  and  fainter  vertical  striations.  This  area  is 
often  much  distorted.  Deltidium  having  a  width  at  the  base 
equal  to  one-fifth  the  length  of  the  hinge-line ;  it  tapers  eiyenly 
to  the  apex  and  bears  a  median  groove  on  its  surface.  The  umbo 
is  elevated,  but  the  surface  of  the  valve  becomes  depressed, 
irregular  in  growth  and  concentrically  wrinkled,  though  not  con- 
cave anteriorly.  Brachial  valve  faintly  depressed  at  the  apex? 
but  rapidly  becoming  convex,  the  greatest  convexity  being  in  the 
umbonal  region,  whence  the  slope  is  quite  regular  in  all  direc- 
tions, being  somewhat  more  abrupt  toward  the  cardinal  extremi- 
ties. This  valve  also  shows  a  slight  tendency  to  unsymmetrical 
growth  in  the  umbonal  region. 

Surface  covered  by  sharply  defined,  subequal  radiating  striaB, 
which  increase  by  implantation.  The  grooves  between  these 
striaB  are  deep,  and  both  striae  and  grooves  are  crossed  by  fine 
concentric  lines,  which  on  the  former  produced  a  series  of  sharp 
asperities.  Interior,  with  the  exception  of  the  median  septum  in 
the  pedicle-valve,  unknown. 

Upper  Coal  ^Measures.     J^^ear  Kansas  City^  Missouri. 

There  are  many  points  of  similarity  in  the  Orthis  KasJcasMeyisis^ 
McChesney ,  from  the  Kaskaskia  limestone,  Derbya  cymhxtla  and  the 
species  under  consideratim.  All  have  the  same  general  aspect. 
In  0,  Kaskashiensis  the  brachial  valve  is  most  convex  at  the 
umbo,  the  pedicle-valve  generally  concave  and  the  hinge  line 
equal  to  the  greatest  diameter  of  the  shell ;  in  Derbya  affinis  the 
brachial  valve  also  has  its  ojreatest  convexity  at  the  umbo,  but 
the  hinge  line  is  considerably  shorter  thaninMoCnESNEY's  species, 
and  there  is  a  notable  difference  in  the  character  of  the  surface 
striae;  while  in  Derbya  cymbula  the  convexity  of  the  brachial 
valve  is  greatest  at  its  center,  the  hinge-line  very  short  and  the 
pedicle- valve  concave  or  depressed  only  over  the  pallial  region. 
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Derbya  (?)  biloba. 
Plate  5.  figB.  17,  IB. 

itertija  (/)  bilaba.  Hall.    Palaeontology  of  N.  Y.,  vol  Vni,  pt.  1,  p.  860,  pi.  xi, 
figs.  4.  G.     18Ba. 

Shell  small,  obcordate  in  outline.  Hinge-line  short  and 
Straight,  its  length  being  considerably  less  than  one-half  the 
width  of  the  shell.  On  the  pedicle-valre  the  cardinal  area  is 
moderately  high  and  slightly  arched  backward ;  delthyriura 
covered.  The  surface  of  the  valve  is  somewhat  depressed  or 
flattened  over  the  palUal  region.  The  brachial  is  deeper  and 
more  convex ,  the  umbo  is  full  but  not  elevated,  and  just  in  front 
of  the  apex  there  begins  a  broad  and  conspicuous  sinus  which 
widens  rapidly  and  renders  the  shell  bilobate  on  its  anterior 
margin. 

Surface  coveretl  with  numerous  fine  radiating  stri«.  Interior 
tuiknown. 

Upper  Coal  Measures.      M'l'fiiersci,  !owa. 

Streptorhyncbus  Ulrichi, 

Plato  6,  fig.  8. 

Streplurhjinrhua  llriehi,  Hall.      Palaeontology  of  N.  Y,,  vol.  VIII,  pt.  1,  p. 

851.  pi.  jtib.  fiR.  15.     1893. 

Shell  of  comparatively  large  size  for  this  genus.  General  con- 
tour subtrihedrai.  Ilinge-line  shorter  than  the  greatest  diameter 
of  the  valves.  Cardinal  area  high,  somewhat  incurved  and  dis- 
torted;  sides  considerably  shorter  than  the  base.  Deltidium 
broad.  Marginal  outline  of  the  pedicle-valve,  from  hinge-line 
forward,  semiovatc,  somewhat  irregular,  contracted  toward  the 
hinge  and  expanding  in  the  pallial  region.  The  interior  of  the 
pedicle-valve  shows  strong  teeth,  the  dental  lamelhe  extending 
downward  and  inclosing  the  posterior  portion  of  an  ovate  mus- 
cular scar.  There  is  no  median  septum.  External  surface  con- 
vex in  the  upper  part,  becoming  depressed  toward  tlie  anterior 
margin;  quite  irregular  in  growth,  being  crossed  by  more  or  less 
conspicuous  concentric  ridges  or  varices ;  covered  with  numerous 
fine  radiating,  subequal  striiB,  which  increase  by  implantation. 
Brachial  valve  not  known. 

Chester  limestone,     Crittenden  county,  Kentucky. 
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Triplecia  Niagarensis. 

Plate  7,  figs.  1-4. 

Triplecia  Niagarensis,  Hall.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  expl. 
pi.  Ixxxiii,  figs.  16-20.    1894. 

Shell  of  medium  size  with  biconvex  valves,  the  pedicle-valve 
having  a  deep  median  sinus,  and  the  brachial  an  elevated  fold. 
The  brachial  valve  is  much  the  more  convex.  Both  lateral 
slopes  and  median  fold  and  sinus  are  plicated  by  well-defined 
rounded  ribs. 

Niagara  dolomites,    ^ear  Milwaukee^  Wisconsin. 

Chris tiania  subquadrata. 

Plate  6,  figa.  13-18. 

Leptcena  aubquadratay  Hall.    Rept.  State  Geologist  N.  Y.  for  1882,  pi.  (xv) 

46,  figs.  82,  83      1888. 
Chriatiania  subquadrata,  Hall.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1,  p. 

851,  pi.  XV,  figa.  82,  33;  pi.  xv  a,  fig.  36,  and  pi.  xx,  figs.  18-20.     1892. 

Shell  small,  elongate,  semielliptical  in  outline,  strongly  con- 
vexo-concave. Hinge-line  short,  straight,  not  equaling  the  greatest 
diameter  of  the  valves  anteriorly.  In  the  pedicle-valve  the 
umbo  is  full,  rounded  and  incurved,  with  the  apex  obscure;  the 
cardinal  area  is  moderately  broad  and  bears  an  open  delthyrium 
which  terminates  above  in  a  circular  foramen.  The  teeth  are 
short,  divergent  and  continued  into  ridges  which  form  the  lateral 
margins  of  two  linguiforra,  muscular  scars,  traversing  the  shell 
for  almost  its  entire  length.  These  scars  inclose  two  much  shorter 
impressions.  In  the  brachial  valve  the  area  is  narrow,  the  cardi- 
nal process  bipartite  on  its  anterior  face,  each  of  the  lobes  being 
grooved  behind.  The  crural  plates  are  very  long  and  divergent, 
the  upper  portion  of  each  terminating  in  an  elevated  extremity; 
the  lower  portion  produced  on  each  side  as  a  strongly  elevated 
ridge,  curving  slightly  inward  on  the  sides,  then  outward  on 
approaching  the  anterior  margin  of  the  valve ;  each  branch 
recurving  and  passing  backward,  parallel  to  the  median  axis,  as 
far  as  the  base  of  the  cardinal  process.  The  symmetrical  spaces 
thus  formed  are  each  divided  transversely  by  a  somewhat  lower 
vertical  ridge.  Between  the  inner  muscular  walls  in  the  median 
line  is  a  low,  rounded,  longitudinal  ridge. 
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I      The  surface  is  smooth  or  covered  with  concentric,  usually 

I  Bomewhat  squamous  lines  of  growth. 

I       Lower  flelderberg  group.     Perry  county,  Tennessee. 

I  Leptaenisca   adnascens. 

I  Piste  6,  figs.  Sa,  ST. 

WZeptctninca  adnoKHnt.  Hall.      Palaeontology  of  N.  Y.,  vol.VIII.pt.  1,  p. 

r        SOS.  pi.  XV  a.  figa.  S2,  23.     1893. 

[      Shell  small,  very  irregular  in  outline ;  cemented  to  shells  of 

[  other  brachiopods,  especially  of  Oatnis,  by  the  entire  external 

[  aurface  of    the  pedicle  valve.     Hinge-line  making  the  greatest 

[  diUmeier  of   the  shell.    Cardinal  area  well  developed  on  the 

[  pedicle-valve  and  bearing  a  convex  deltidmm.     Internal  charac- 

[  ters  as  in  Z.  lan/jens.     Brachial  valve  prominent  at  the  boak, 

I  elevated  in  the  nmbonal  region  and  slightly  depressed  anteriorly. 

I  Surface  smooth  or  with  irregularly  concentric  wrinkles, 

I      Lower  Helderberg  group  (Sbaly  limestone).     IiTear  Clarksvill-f, 

I  n.  r. 

■  Leptxnisca  tangens. 

P  Plated,  SgB.  1B-2S. 

I^ptcrithca  tangenn.  Oall.     Pal  ae  on  to  logy  of  X.  Y..  vol.  VIII,  pt.  I,  p.  3H2.  pi, 
-wa,  tigs,  a4-3U,     1892. 

Shell  transverse:  hinge-line  making  the  greatest  diiimeter; 
contour  regularly  convexo-concave;  attached  by  the  apical  or 
unibonal  portion  of  the  pedicle-valve,  usually  fronds  and  twifjs  of 
bryozoa.  Cardinal  areas  narrow;  delthyriura  covered.  In  tlie 
pedicle- valve  teeth  not  prominent  but  continued  into  strong,  con- 
verging lamella' which  nearly  enclose  an  oval  muscular  area; 
this  area  is  divided  by  a  median  septum.  External  surface  con- 
vex; bilobed  by  a  more  or  less  conspicuous  median  furrow. 
Brachial  valve  strongly  concave. 

Surface  smooth,  with  a  few  inconspicuous  concentric  growth- 
lines,  and  faint  radiating  stria-  on  the  inner  lamella'  toward  the 
margins. 

Lower    Helderberg   group   (Sbaly    limestone).     Xear    Clitrlfs- 

vUk,x.  r. 
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Chonostrophia  Helderberg^a. 

Plate  7.  fig.  11. 

Chonostrophia  Hdderhergia,  Hall.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1» 
p.  858,  pi.  XV  b,  fig.  14.     1892. 

Shell  tenuous,  semielliptical  in  outline.  Hinge-line  straight 
and  making  the  greatest  diameter  of  the  valves.  Valves  nearly 
flat,  the  pedicle-valve  being  gently  concave  and  the  brachial  cor- 
respondingly convex.  Cardinal  areas  very  narrow;  marginal 
spines  not  observed.  Teeth  of  the  pedicle-valve  well  developed 
on  either  side  of  the  moderately  broad  delthyrium ;  at  their  bases 
arises  a  median  septum,  strongest  at  the  point  of  beginning  and 
continuing  for  one-half  the  length  of  the  valve.  In  the  brachial 
valve  the  crural  plates  are  very  short,  subparallel  to  the  hinge- 
line  and  apparently  coalesced  with  the  short  cardinal  process. 
No  traces  of  muscular  scars  retained. 

Surface  covered  with  a  great  number  of  exceedingly  fine,  sub- 
equal  radiating  stria),  all  of  which  are  apparent  on  the  interior 
of  the  shell,  even  to  the  bases  of  the  teeth  and  crural  plates. 

Lower  Helderberg  group  (Shaly  limestone).  Albany  county 
N.  T. 

Strophalosia  Rockfordensis. 

Plate  7,  figs.  6-10. 

Strophalosia  Rockfordensis ^  Hall.      Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  1, 
p.  353,  pi.  xvii  a,  figs.  1-3.     1892. 

Shell  semielliptical  in  outliHe,  somewhat  elongate.  Hinge- 
line  scarcely  as  long  as  the  greatest  diameter  of  the  valves.  Car- 
dinal area  well  developed  on  each  valve,  that  of  a  pedicle-valve 
bearing  a  convex  deltidium;  scar  of  attachment  on  the  pedicle- 
valve  covering  only  the  apical  region.  Surface  regularly  convex, 
depressed  toward  the  cardinal  angles;  bearing  scattered  spines, 
of  which  there  is  a  well-defined  row  of  six  or  seven  on  the  car- 
dinal margin.  There  are  faint,  irregularly  concentric  wrinkles 
among  the  spine-bases.  Apex  of  the  brachial  valve  convex,  but 
the  valve  rapidly  becomes  concave,  being  of  somewhat  less  curva- 
ture than  the  opposite  valve.  Surface  with  conspicuous,  irreg- 
ular, concentric  corrugations,  and  a  few  short  spines  over  the 
pallial  region. 

45 
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Length  of  the  original  specimen,  9  mm.;  width  along  hinge- 
Ine,  10  mm. 
Upper  Devonian.     Rockford,  lo^jta. 

Strophonella  costatula. 

Plate  S,  liga.  9,  10. 

trophMuUa  cottatvla,  Hall.      PaUeontotogy  of  N.  Y.,  voL  VIII,  pt.  2.  p. 
8S»,  pi.  Ixxxiv,  Sgs.  15,  IS.     1804. 

Shell  Bubaemicircular  in  ontJine  ;  hinge- lilie  straight  or  slightly 
arched ;  surface  depressed  concavo-convex. 

Pedicle-valve  elevated  at  the  beak,  becoming  rapidly  depressed 
anteriorly,  the  median  depression  continued  upon  the  short  lin- 
guiform  extension  at  the  anterior  margin.  Corresponding  to 
this  depression  is  a  broad  anterior  fold  on  the  opposite  valve. 
The  surface  of  both  valves  is  covered  with  a  few  coarse,  round, 
sharply  elevated  ribs,  which  rapidly  bifurcate  or  multiply  by 
implantation.  These  are  more  or  less  irregular  or  sinuous,  ele- 
vated at  the  concentric  varices  and  crossed  by  faint  concentric 
.  lines. 

■     The  typical  example  has  a  length  of  SI  mm.,  and   a  width  on 
■'the  hinge  of  24  mm, 

^'iagara  group.     Louivnlle,  /Ctntucl-y. 

Plectambonites  producta, 

Plate  6.  figs.  11.  12. 
Pkclaml-.'iit'n    prn-lucla.  Hall.      PalaeontoloRy  of  N.  Y,,  vnl.  VIII,  pt.  2,  p. 
3B0,  pi.  IxT.viv,  figs.  23.  24,  2!>.     1891. 

The  original  of  this  species  is  an  internal  cast  of  the  pedicle' 
valve,  wiLli  short,  straight  hinge :  rather  narrow,  depressed 
umbo,  the  shell  becoming  highly  convex  and  greatly  produced 
anteriorly.  The  sides  of  the  valve  are  somewhat  appressed 
medially  and  the  anterior  margin  slightly  expanded  and  subnval 
in  outline.  The  cast  shows  the  impression  of  short,  divergent 
dental  plates  and  a  moderately  broad  muscular  impression.  The 
width  of  the  shell  on  the  hinge  is  in  mm  ;  its  length,  23  mm  ;  its 
convexity  from  the  posterior  margin,  8  mm.;  from  the  anterior 
margin,  23  mm. 

Niagara  dolomites.      I'ellow  Springf,  Ohio. 
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Strophalosia  cymbula. 

Plate  7,  fig.  6. 

Strophalosia  cymbula.  Hall,    Palaeontology  of  N.  Y.,  vol.  VIII,  pt  1,  expl.  pi. 
zvii  a,  figs.  8,  4,  8,  9.     1892. 

Shell  of  medium  size,  convexo  concave,  hinge-line,  cardinal 
area,  deltidium  and  chilidium  well  developed.  Brachial  valve 
smooth,  pedicle- valve  spinose,  with  a  distinct  scar  of  attachment 
confined  to  the  apex. 

Keoknk  group.    Lebanon^  Kentucky. 

Spirifer  crispatus. 

Plate  7,  figs.  12,  18. 

Spirifer  crispatus.  Hall.      Palaeontology  of  N.  Y.,  vol.  VIH,  pt.  2,  p.  860,  pi 
xxxvi,  figs.  9,  10.     1894. 

Shell  small,  with  moderately  high,  incurved  area,  scarcely 
extended  on  the  hinge ;  well-developed  median  fold  and  sinus, 
and  three  coarse  plications  on  each  lateral  slope.  The  surface  is 
covered  by  conspicuous  concentric  lamellaB. 

Niagara  group.    Maryland. 

Spirifer  Canandaiguae. 

Plate  7,  figs.  14-16. 

Spirifer  Canandaiguce,  Hall.    Palaeontology  of  N.  Y.,  vol.  VIH,  pt.  2,  p.  360, 
pi.  XXX vii,  figs.  23,  24,  26.     1894. 

Shells  of  rather  small  size,  having  somewhat  the  aspect  of  an 
elongate  and  umbonate  S.  fmbriaUis,  Umbo  of  pedicle-valve 
prominent,  narrow  and  closely  incurved  at  the  apex.  Hinge-line 
quite  short,  cardinal  area  small,  incurved.  Median  sinus  deep, 
produced  on  the  anterior  margin,  its  anterior  width  being  nearly 
equal  to  the  length  of  the  hinge.  On  each  lateral  slope  are  from 
two  to  four  low  radial  undulations  or  plications,  all  of  which  are 
sharply  defined  at  the  umbones.  Surface  covered  with  very  fine, 
closely  crowded  concentric  lines  which  are  granulous  and  were 
originally  fimbriate.  Length  of  typical  specimen,  21  mm.; 
greatest  width,  22  mm.;  length  of  hinge,  10  mm. 

Hamilton  group.     Centerjield  and  Canandaigua  LaJce^  N.  Y. 
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Spirifer  mucronatus,  Coneao,  var.  posterus. 

Plate  7,  figs.  80-34. 


nrifer  mucronatue,  Conrad,  rar.  postervg.  Hall, 
vol.  Via,  pt.  8,  p.  361,  pi.  xixiv.  flga.  27-31. 


Falaeoutologf  of  N.  Y., 

18»4. 


A  late  variety  of  the  typical  Hamilton  form,  characterized  by 
f  its  small  size,  usually  narrow  bodies  and  acuminate  cardinal 
[  extremities. 

Chemung  group.     Tomphina  county.  A'.  Y. 


I 


Spirifer  disjunctus,  Sowkbet,  var,  sulcifer. 

Plate?,  fig.  37. 

SfJi'ri/er  di^UTtctui,  Sowerby,  Tar.  tnlci/er.  Hall,      Palaeontology  of  N.  Y., 
vol.  VIII,  pt.  a,  p.  381,  pi.  XXX,  Sg.  16.     1864. 

This  variety  is  distinguished  by  the  sharply  defined  median 
sulons  on  the  folds  of  the  brachial  valve.  It  has  heretofore  been 
embraced  withia  the  limits  of  S.  disJuiwCva,  but  the  character 
referred  to  appears  to  be  persistent. 

Chemung  group.    iVeor  Olean,  iT.  Y. 

Spirifer  Williamsi. 
Plate  7,  figs,  n-ifl. 

itologjot  N.  Y.,vol.vni,pi.  2.  \<.  361.  pi. 


ri/cr  U7/(((j»Mi,Uall.     Pali 
xxxvii,  figs.  30-23.     I89i. 


Shells  of  the  form  of  Spirifer  increliesi'ens,  Ilall,  iind  varving 
but  little  in  size.  Median  fold  and  sinus  well  developed.  The 
latter  bearing  usually  three,  sometimes  four  plications,  finer  than 
those  on  the  lateral  slopes.  Of  these  the  median  plication  is 
generally  the  .strongest.  This,  however,  is  not  always  the  case, 
the  arrangement  of  these  plications  being  fre(|uenlly  (|uite  irregu- 
lar. The  median  fold  generally  bears  a  median  groove  and  one 
lateral  plication  on  each  side.  On  each  lateral  slope  of  the  shell 
are  seven  or  eight  plications. 

A  normal  example  measures :  Length,  15  mm.;  width  on  hinge, 
24  ram. 

Chemung  group.     AlUijany  county,  N.   Y. 
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Spirifer  Newberryi,  Hall.    1883. 

Plate  7,  figs.  25,  26. 

Spirifer  Newberryi,  Hall.    2ncl  Ann.  Rept  State  Qeologist,  pi.  (xxxi)  66,  figs. 

9.10.    1888. 
Spirifer  Newberryi,  Hall.     Palaeontology  of  N.  Y.,  vol.  VIH,  pt.  8,  p.  862,  pi. 

xxxi,  figs.  9,  10.     1894. 

Shell  moderately  large,  with  sharp  cardinal  angles.  Surface 
plication  consisting  of  numerous  fine  simple  or  duplicate  ribs 
which  cover  the  median  fold.  On  each  lateral  slope  there  are 
twenty-five  to  thirty  of  these  plications.  The  plications  and  the 
grooves  between  them  are  covered  with  tine  radiating  lines. 

Waverly  group.     Ohio. 

Cyrtia  radians. 

Plate  7,  figs.  28,  29. 

Cyrtia  radians.  Hall.      Palaeontology  of  N.  Y.,  vol.  VIII,  pt.   2,  p.  862,  pi. 
xxviii,  figs.  4,  5,  50,  52 ;  pi.  xzxix,  fig.  88.     1894. 

The  typical  form  is  of  medium  size,  with  high  area,  incurved 
umbo  and  general  cyrtiniform  aspect.  Its  outer  surface  is  char- 
acterized by  an  absence  of  plications  and  fine  radial  striae. 
Median  fold  and  sinus  well  developed. 

Clinton  group.     /Rochester,  N,  Y. 

An  allied  but  larger  form,  here  referred  to  this  species,  occurs 
in  the  Niagara  dolomites,  near  Milwaukee,  Wisconsin. 

Cyrtina  umbonata,  Hall.  var.  Alpenensis. 

Plates,  figs.  9-18. 

Cyrtina  umlHjnata,  Hall,  var.  Alpenensis,  Hall.     Palaeontology  of  N.  Y.,  vol. 
VIII,  pt.  2,  p.  362,  pi.  xxviii,  figs.  16-20.     1894. 

Cyrtina  umbonata^  Ilall,  from  the  original  locality  in  Iowa,  is  a 
small  shell,  often  obscurely  plicated ;  this  variety  possesses  the 
contour  of  C,  wmbonaia^  but  is  a  larger  and  more  robust  shell 
with  broad  and  well-defined  plications,  smooth  median  fold  and 
sinus. 

Hamilton  group.     Alpena^  Michigan, 
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Cyrttna  lachrymosa. 

Plate  B.  figs  1-3. 
Cyrttna  Inehrymona,  Hall.    PaleeoDtulogy  of  N,  Y, ,  ffol.  Till,  pt.  3,  p.  MB,  pi. 
iiviU,  tigs.  88,37,47.     1894. 

Sheila  small ;  cardinal  area  high,  more  or  less  incurved,  Sur- 
face with  low  and  rather  narroiv  median  fold  and  sinus,  on  each 
side  of  which  are  two  or  three  low,  faint  plicationa.  Lateral 
inargios  of  the  cardinal  area  broadly  rounded.  Surface  covered 
with  elongate  pustules,  some  of  them  coarse,  but  the  greater 
number  quite  fine. 

Height  of  an  average  specimen,  5  ram.;  width  and  length 
6  mm. 

Waverlj  group.     Richjield,  Ohio. 

Syringothyris  Missouri. 

PlateS,  figB,  U-ie. 
Syringothyria  MUnouri,  Hall.      Palaeontology  of  N,  Y.,  vol.  VXU,  pt,  2,  p. 
363,  pi.  xszix,  figs.  29-31.     1S91. 

Shell  small,  cyrtiniform ;  cardinal  area  high,  slightly  incurved 
toward  the  a[>ex ;  lateral  cardinal  margin  broadly  rounded,  ren- 
dering the  definition  of  the  area  quite  obscure.    Median  fold  and 

sinus  neither  wide  nor  liif^hly  developed.  Surface  of  both 
smooth.  Each  lateral  slope  with  five  or  six  low  plications. 
Interiorly  the  pedicle-valve  bears  strong  divergent  dental 
lamellae  which  are  attached  to  the  surface  of  the  valve  for  fully 
one  third  of  its  length.  Tliere  is  no  median  septum.  The  trans- 
verse delthyrial  plate  is  thin  and  is  developed  into  a  delicate  but 
distinct  tube,  tihell  substance  highly  punctate  on  the  inner 
lamina;.  Height  of  original  specimen,  13  mm.;  cardinal  width, 
IS  mm. ;  length,  15  mm. 

Choteau  limestone.     Vhoteau  Springs,  Mhsouri. 

Athyris  densa. 
Plate  9,  figs.  3-9. 
Palaeontology  of  N.  Y.,  vol.  VIII, pt.  2,  p.  364,  pi.  ilvi. 

Shell  transversely  elongate,  valves  compressed  ;  median  fold 
and  sinus  not  conspicuously  developed.  Pedicle-valve  shallow, 
with   broad,  sharply  angled   cardinal  slopes,  greatly  thickened 
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interiorly.  The  anterior  margin  is  frequently  extended  into  a 
lingaate  process  at  the  termination  of  the  median  sinus.  Brachial 
valve  the  more  convex,  with  an  indistinct,  flattened,  and  some- 
times broadly  grooved  median  fold  with  regular  and  even  lateral 
slopes.  In  the  interior  of  the  valves  the  form  of  the  muscular 
scars  is  normal,  though  there  is  a  notable  variation  in  the  size 
of  the  diductor  scars. 

St.  Louis  group.  Washington  county,  Indiana;  Colesburgh, 
Kentuchy, 

Seminula  Rogers!. 

Plate  9,  figs.  10-13. 

Semimda  Rogersi,  HaU.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  p.  864,  pi. 
xlvii,  figs.  1-4.     1894. 

Shell  rather  small,  subaval  in  outline.  Valve  subequally  con- 
vex. Pedicle-valve  with  a  low,  broad  median  sinus  and  brachial 
valve  with  a  corresponding  fold,  both  becoming  more  distinct 
toward  the  anterior  margin.  Lateral  slopes  depressed- convex. 
Umbones  not  conspicuous  ;  deltidium  concealed. 

External  surface  smooth. 

A  normal  individual  measures  15  mm.  in  length,  and  13  mm.  in 
greatest  with. 

Pendleton  sindstone  (Schoharie  grit).     Pendleton,  Indiana, 

Seminula  Dawsoni. 

Plate  9,  figs  14-16. 

Seminula  Dawsoni,  Hall.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  p.  364,  pi. 
xlvii,  figs.  32-84.     1894. 

This  species  was  originally  identified  as  Athyris  suhtilita,  Hall, 
by  Davidson  (Quarterly  Journal  of  the  Geological  Society  of 
London,  vol.  XIX,  1863).  Its  differences  from  this  species  are 
indicated  on  the  pages  referred  to. 

Carboniferous  limestone.      Windsor,  Nova  Scotiu, 

Torynifer  criticus. 

Plate  9,  fig.  1. 

Torynifer  criticus,  Hall.      Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  expl.  pi. 
Ixxxiv,  figs.  34,  35.     1894. 

Shell  but  imperfectly  known.  The  pedicle-valve  has  a  smooth 
exterior,  narrow  cardinal  area  and  unclosed  dilthyrium.     On  the 
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I  inside  it  bears  a  short  but  well  defined  spondylium  supported  by 
I  a  median  septam,  and  strong  recurved  teetb.      This  structure 
I  is  unlike  that  of  any  other  genus, 
I      St.  Louis  group.     La  Rue,  Kentucky. 

I  Rhynchospira  scansa. 

I  Plate  9,  fig,  3. 

W  S)iynchospiras   scansa.  Hall.     PiLaeontology  of   N.  Y..  vol.  VIII,  pt.  3,  expl. 

I  pi.  I,  fig.  40.     18B4. 

I  Fediule-valve  large,  with  prominent,  somewhat  arched  beak, 
I-  cardinal  slopes  extending  about  one-half  the  length  of  the  shell, 
I  anterior  margin  semioval.  Surface  with  a  sharply  defined  median 
I  furrow  bearing  a  single  small  plication,  the  lateral  slopes  having 
V  eight  or  ten  broad  and  rounded  plications.  Shell  known  only 
ftfron  an  internal  cast  of  the  pedicle- valve. 
I      Waverly  group.     McKean  county,  Pennsylvania, 

H  Trematospira  Tennesseensls. 

W  Plate  e,  figa.  17-16. 

fcJVantafijgfrfrn  TenneweensU,  n«ll.    Palaeontology  of  N,  Y,,  vol.  Vlll,  pt.  3,  pi. 

f       Ixxxiii.  figs.  31-23.     1894. 

Shell  small,  subelliptical  or  subcircular  in  outline.  Valves 
coarsely  plicate,  the  pedicle- valve  bearing  si.\,  with  a  small  median 
plication  at  the  bottom  i  f  the  sinus,  the  brachial  valve  having  the 
median  fold  divided  by  a  low  furrow,  and  with  three  plications 
on  each  lateral  slope.  Valves  subecjually  convex.  Apc-i  of  the 
pedicle-valve  slightly  elevated,  truncate;  deltidial  ]»lates  coalesced. 
Surface  with  distant  concentric  growth-lines. 

Lower  Ilelderberg  group.     Perry  county,  Teimestee. 

Meristella  Walcotti. 

Plate  8,  figs,  26-31. 
MtristeUa  \Viilcotti,lla\\.  Palaeontology  of  N,  Y,,  vol,  Vlll,  pt,  2.  p.  365.  iil. 
iliii.  figa.  16,  17:  pi.  Jtliv.  figs.  6-11,  23,  83.  1891. 
Shell  elongate-ovate,  valves  convex,  regular.  Pedicle-valve 
with  umbo  moderately  full  and  beak  incurved ;  foramen  generally 
concealed  at  maturity.  Cardinal  slopes  coccave  and  well  delimited 
by  divergent  cardinal  ridges.    Dorsum  more  or  less  distinctly  ridged 
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in  the  umbonal  region,  broadly  convex  anteriorly  and  slightly 
extended  on  the  anterior  margin,  but  with  no  median  sinus. 
Brachial  valve  with  the  median  elevation  somewhat  more  strongly 
defined,  especially  in  the  umbonal  region.  Umbo-lateral  slopes 
rather  more  abrupt  than  in  the  other  valve. 

Internal  structure  normal  for  the  genus. 

Oriskany  sandstone.     Cayuga^  Ontario, 

Merista  Tennesseensis. 

Plate  8,  figs.  20-25. 

Merista  Tennesseensis,  Hall.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  p.  865, 
pi.  xlii,  figs.  1-6.     1894. 

Shell  subpentahedral  in  outline,  transverse,  rarely  elongate. 
Valves  subequally  convex,  with  broad,  low  fold  and  sinus  devel- 
oped on  the  anterior  portion  of  the  brachial  and  pedicle-valves 
respectively.  Umbo  of  pedicle-valve  not  conspicuous,  apex 
truncated  at  maturit}^  by  a  circular  foramen.  Deltidial  plates 
concealed  by  incurvature.  Umbo  of  brachial  valve  full,  apex 
acute.  External  surface  smooth.  Dimensions  of  an  average 
example:  length,  17  mm.;  greatest  width,  19  mm. 

Upper  Silurian.     Perry  county^  Tennessee. 

Clintonella  vagabunda. 

Plate  9,  figs.  17-26. 

Clintonella  vagabunda ^  IlaH.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  p,  160, 
pi.  Hi,  figH.  1-11.     1894. 

Shells  small,  suboval  in  outline,  valves  subequally  biconvex, 
the  axis  of  greatest  convexity  being  oblique.  Pedicle-valve  with 
a  small  umbo,  which  is  compressed  laterally,  the  apex  being 
slightly  incurved.  Delthyrium  wide,  without  traces  of  deltaria. 
The  umbo  merges  anteriorly  into  a  sinus  which  makes  a  deep 
flexure  at  the  margin  and  bears  two  j)lications,  both-  of  which 
reach  the  beak.  The  lateral  slopes  bear  from  four  to  eight  radial 
plications  of  smaller  size.  On  the  interior  the  teeth  are  promi- 
nent and  strongly  recurved.  The  muscular  impression  is  moder- 
ately large,  llabellate  in  outline  and  deeply  impressed.  The 
brachial  valve  has  an  inconspicuous  beak;  the  umbonal  region  is 
depressed  for  about  one-third  the  length  of  the  valve,  but  an- 

46 
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teriorly  the  median  fold  becomes  prominent.  The  hinge-plate 
consists  of  two  Hat  processes,  inclined  toward  each  other  but  not 
meeting.  A  stout  median  ridge  supports  this  pkte  and  divides 
the  muscular  area.  Spirals  are  present  but  their  direction  is 
undetermined. 
Clinton  group.    DHft  hluck  in  Western  New  York. 

Zygospira  putiUa. 
Plate  9,  RgB.  SI,  33. 
Zggogpira  putilla,  HaU.     Palaeontologj  of  N.  T.,  vol.  VUI,  pt.  2,  p.  865, 
pi.  liv,  figs.  85-37.     1894. 

Shell  small,  elongate-suboval  in  outline.  Pedicle-valve  the 
more  convex;  umbo  narrowed,  apex  acute,  del  thy  rium  unclosed. 
Medially  this  valve  is  elevated  by  a  strong  double  plication,  the 
parts  of  which  diverge  anteriorly,  leaving  a  flat,  low  depression 
between  them,  and  in  this  lies  a  single  faint  plication.  The 
lateral  slopes  are  considerably  depressed,  and  each  bears  from 
four  to  seven  coarse,  often  irregular  plications,  only  a  part  of 
them  reaching  the  beak. 

The  brachial  valve  is  depressed  convex,  witli  a  conspicuous 
median  fold,  grooved  longitudinally  and  bounded  by  deep  mar- 
ginal doprossions.  The  liUeral  slopes  are  mi.iroi.'unvox  than  <>ii  the 
other  valve,  but  are  similarly  plicated. 

Surface  of  the  valves  usually  without  concentric  growth-lines. 

An  average  example  has  a  length  of  8  mm.  and  a  greatest 
width  of  T  mm. 

Hudson  River  group.     Near  Edgewood,  Pike  county,  Missouri. 

Atrypina  Clintoni. 

Plate  8,  figs.  37-30. 
Atrypina  Clintoni,  Hall.  Palaeontology  of  N.  Y.,  vol.  VIII,  [it.  3,  p.  163, 
pi.  liii,  Gga.  7,  17-19.  1894. 
Shell  small,  subplano-convex.  The  pedicle-valve  projecting 
slightly  at  the  apex,  with  short  oblique  cardinal  margins  and 
nearly  circular  periphery.  This  valve  has  a  low  median  sinus 
bearing  a  median  plication,  and  four  or  live  somewhat  stronger 
plications  on  each  lateral  slope.  The  brachial  valve  is  slightly 
convex  in  the  umbonal  region,  and  has  but  avery  faintly  developed 
median  fold.     The  surface  of  both  valves  bears  rather  distant 
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concentric  lamellaB.  On  the  interior  the  pedicle-valve  has  mod- 
erately strong  teeth  and  a  large  flabellate  muscular  impression. 
In  the  brachial  valve  the  hinge-plate  is  divided  into  two  flat 
lobes,  supported  by  a  thickened  median  ridge  extending  nearly 
the  full  length  of  the  valve. 

Clinton  group.    In  the  drift  of  Western  New  York. 

Glassia  Romingeri. 

Plate  9,  figs.  8b-d6. 

Olassia  Romingeri,  HalL    Palaeontology  of  N.  Y.,  vol.  VII[,  pt.  2,  p.  163,  pi. 
Ixxxiii,  figs.  82-35.    1894. 

Shell  small,  subequally  biconvex,  obcordate  in  outline.  Surface 
smooth,  with  a  median  depression  on  both  valves,  which 
gives  the  shell  a  bilobed  appearance  on  the  anterior  margin  and 
over  the  anterior  region.  On  the  interior  are  introverted  spirals 
whose  primary  lamella?  are  united  by  a  posterior  jugum. 

Trenton  limestone.    In  a  drift  houlder^  Ann  Arhor^  Michigan. 

Camarophoria  rhomboidalis. 

Plate  9,  figs.  37-40. 

Camarophoria  rhomboidalis ,  Hall.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  8, 
p.  366,  pi.  Ixii,  figs.  25-29.     1894. 

Shells  of  rather  small  size,  subtriangular  in  outline Vith'cardinal 
margins  extending  for  half  the  length  of  the  valves.  Pedicle- 
valve  with  apex  scarcely  elevated,  incurved,  Avith^deltidial  plates 
usually  concealed;  slightly  convex  about  the  umbo,  broadly 
depressed  medially,  forming  a  sinus  which  makes  a  linguiform 
extension  on  the  anterior  margin.  This  sinus  may  bear  one  and 
sometimes  traces  of  two  other  low  plications.  The  lateral  slopes 
are  smooth,  except  at  the  margins,  where  there  is  faint  evidence 
of  one  or  two  plications  on  each.  The  brachial  valve  is  convex 
and  broadly  rounded  with  abrupt  umbo-lateral  slopes ;  broad,  low 
median  fold,  apparent  only  in  the  pallial  region,  and  bearing  a 
median  plication.  Traces  of  two  lateral  plications  are  visible  at 
the  margin  of  the  valve,  and  these  are  somewhat^'more  distinct 
on  the  surface  than  on  the  opposite  valve.  Surface  smooth  or 
with  fine  concentric  lines.  The  interior  structure  of  the  shell  is 
normal  for  this  genus. 

Corniferous  limestone.     Cass  county^  Indiana. 
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Parastrophia  divet^ens. 

PliiU'  10.  figs.  ll-U. 
Parastrophia  dtverge»».  Ball,     Palaeontology  of  N.  Y.,  voi.  Vm,  pt  2,  p. 
sue,  pi.  Ixlu,  &«».  i-l.    IflSl. 

SbuU  of  medium  size  with  strongly  convex  brachial  valve  and 
depressed  convex,  anteriorly  concave  pedicle- valve.  The  beak  of 
the  pedicle-valve  is  erect,  but  not  conspicuous;  from  the  gently 
convex  nmbo  the  surface  slopes  gradually  to  the  lateral  margins, 
and  abruptly  to  the  front,  forming  a  broad  and  deep  sinus,  which 
is  sharply  defined  at  the  sides,  and  bears  from  two  to  four  angu- 
lar plications.  Two  or  more  f-ntaller  plications  occur  on  each 
lateral  slope.  The  brachial  viilvi-  j>.  wt-ll  nmnded  in  the  umbonal 
region,  but  the  median  fold  is  ili  lined  only  near  the  anterior 
margin.  It  bears  from  ihreo  lo  live  plications,  with  three  on 
each  lateral  akipe.  All  the  plications,  as  well  as  fold  and  sinus, 
become  obsolete  in  the  umbonal  region,  and  in  old  and  thickened 
shells  the  latter  can  bo  distinguished  only  at  the  anterior  margins 
of  the  valves.  In  (he  interior  there  is  a  siipporled  spondylinm 
in  the  pedicle-valve,  but  in  the  brachial  valve  the  septal  plates  do 
not  unite. 

Hudson  River  group.     WUjidnijti.n,  lUlnou. 


Parastrophia  Greenii. 

Plate  10,  lies.  1-5. 
f.  Hall.     Piilaiontol.'sy  of  N.  Y., 


ijifs.  17- 


Shcll  robust,  with  convex  brachial  vulvc  ;uul  shallow  pedic 
valve,  convex  in  the  umbonal  reyioii,  bnt  (.■oncavc  antorioil 
Beaks  not  ])rominent ;  that  of  tlie  ]ie<iiclc  valve  low  but,  crci 
that  of  the  brachial  valve  full  and  incurved.  Cardinal  slo]' 
sharply  delined  on  pedicle-valve.  Sicilian  fcdd  and  sinus  • 
brachial  and  pt'iliclc-viilvcs  not  stron;;ly  defined  except  at  t 
anterior  margin.  The  bnicliial  valve  bears  six  broadly  j-ound 
plicati(»n.s  which  are  obsolete  in  the  nmbnnal  region;  four 
these  belong  to  the  median  fol<l,  the  ulliei-  iwo  to  the  tul<i 
slopes.  Til.'  pedicle-valve  has  live  pliciitiuns,  wiih  ihi'ee  in  ti 
median  sinus.  Interior  with  a  median  supporting  septum  in  cai 
valve. 

Niagara  dolomites,     ^^ear  2lilwaiil-ee,   Wisronxln. 
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Parastrophia  multiplicata. 

Plate  10,  fiff8.  15-17. 

Parastrophia  multiplicata,  Bs\\.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2, 
p.  867,  pi.  Ixiii,  figs.  15,  16,  21.     1S94. 

This  species  differs  from  P,  Oreenii  in  its  more  conspicuously 
developed  median  fold  and  sinus,  flatter  and  larger  plications, 
and  the  greater  number  of  the  latter  on  the  lateral  slopes.  The 
usually  sessile  spondylium  of  the  brachial  valve  may  also  prove  a 
distinguishing  feature. 

Niagara  dolomites.     Near  Milwaukee^  Wisconsin. 

Parastrophia  latiplicata. 

Plate  10,  figs.  6-10. 

Parastrophia  latiplicata,  Hall.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  p. 
868,  pi.  Ixiii,  figs.  23-27.     1894. 

This  species  is  distinguished  from  the  two-  preceding  by  its 
smaller  size,  less  robust  form,  two  broad  plications  on  the  fold 
and  one  in  the  sinus,  with  but  a  single  pair  on  the  lateral  slopes. 

Niagara  dolomites.     Near  Milwaukee^  Wisconsin. 

Liorhynchus  robustus. 

Plate  10,  figs.  18,  19. 

Liorhynchus  robustus,  IIhII.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.   2,  expl. 
pi.  lix,  figs.  30,  31.     1894. 

Shell  large,  with  liighly  convex  brachial  valve  and  shallow 
pedicle-valve.  Median  fold  and  sinus  well  developed  on  brachial 
and  pedicle-valves  respectively.  Surface  abundantly  plicate. 
Species  is  known  only  from  an  internal  cast,  which  shows  very 
perfectly  the  muscular  scars  and  vascular  sinuses. 

Chemung  group.     Sfeuhen  count t/^  N.  Y, 

Liorhynchus  Lesleyi. 

Plate  9,  figs.  41-43. 

Liorhynchus  Li'sleyi,  Hall.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  p.  868.  pi. 
lix,  figs.  34-30.     l!>94. 

Shell  of  medium  size  with  shallow  pedicle,  and  deep  brachial 
valve.  Median  sinus  on  the  former  well  defined;  median  fold  on 
the  latter  broad  and  not  sharply  delimited.  Surface  of  both 
valves  shar])ly  and  abundantly  plicated. 

Upper  Devonian,     Pefinsf/lvania. 
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Conchidium  exponens. 
Plate  10,  figs.  20-23. 
Conchidium  e^onena.  Hall.    PalaeoBtologf  of  .N.  Y.,  vol.  Vlll.  pt,  3,  expl. 
pi,  livr.  figs.  &-».    18B4. 
Shell  elongate, subtriangalar  inmargiQal  outline;  valves  subse- 
quently convex.     Median  fold  iHstinct  over  the  anterior  region 
of  the  pedicle- valve.     Surface  with  numerous  fine,  rounded  plica- 
tions which  are  more  or  less  obsolete  over  the  lateral  slopes  and 
umbonal  region  of  the  valves.     The  pedicle-valve  bears  a  spondy- 
lium  extending  less  than  one-half  its  length,  while  in  the  brachial 
valve  the  septal  plates  do  not  unite. 
Niagara  group.    Louisville,  Km.tuchy. 

Conchidium  scoparium. 

Plate  11,  figs.  9,  9. 
Condiidium  gcopariiiih.  Hall.    Palaeontology  o(  N.  Y.,  vol.  VIU,  pt.  9,  expl. 

pi.  Uvii,  HgB,  6.7.     1894. 

Shell  with  biconvex  valves;  marginal  outline  suboiroular. 
Pedicle-valve  with  prominent,  subereot  umbo,  slightly  incurved 
at  the  top,  with  gradually  expanding  sides.  Surface  without 
median  fold  or  sinus,  but  covered  with  numerous  fin©  plications. 

Guelph  dolomites.     Dt/rhain,  Ontario. 

Conchidium  obsoletum. 

pi»t«  11,  rig.s.  1,2. 

ConcMdiwin  obsoklum,  Ilall.  Palaeontology  of  N.  Y.,  vol.  VlII,  pt.  2,  p.>:pl, 
pi.  Ixvii,  figs,  8,  B.    1894. 

Shell  with  highly  convex  valves  and  greatly  llattened  cardinal 
slopes.  Anterior  margin  broadly  curved,  subtrans verso.  Surface 
with  a  few  obscure  and  broad  plications,  obsolete  at  the  sides  of 
the  valves. 

Niagara  dolomites.     Genoa,  Ohio. 

Conchidium  Nettelrothi. 

Plate  10,  figs.  24.  25. 
Pentamerua  KiiOjhli,  Nettelroth,  Kt'ntu:;ky  Fotsil  Bhells.  p.  67,  pi.  sxix.  lige. 

1,  2,  n.     1889. 
Conchidium  Nfltelrotbi,  Hall,    Palaeontology  of  N.  Y,,  vol.  viii.  pt.  2,  p.  234, 

toot-note. 
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Shell  somewhat  similar  in  general  expression  to  that  of  Cork- 
chidium  Knighti^  Sow.,  but  smaller,  more  sparsely  and  closely . 
plicated. 

Corniferous  limestone.     Near  Louisville^  Kentucky. 

Conchidium  Greenii. 

Plate  11,  figs.  5-7. 

Conchidium  Greenii,  Hall.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  p.  868,  pi. 
Ixvi,  figs,  20-22.     1894. 

Shell  subequally  biconvex,  ventricose,  subcircular  in  marginal 
outline.  Umbones  full  and  rounded,  both  incurved,  that  of  the 
pedicle- valve  somewhat  elevated.  There  is  no  evidence  of  median 
fold  and  sinus.  Surface  of  each  valve  bearing,  over  the  pallial 
region,  from  forty-five  to  fifty  rounded  plications,  which  very 
gradually  increase  by  implantation  and  become  more  numerous 
anteriorly.  These  plications  are  of  slightly  unequal  size,  which 
appears  to  be  due  to  variation  in  the  rate  of  their  multiplication. 
In  the  umbonal  regions  the  plications  are  obsolete. 

Kiagara  dolomites.    Near  Milwaukee^  Wisconsin. 

Conchidium  crassiplica. 

Plate  11,  figs.  8,  4. 

Conchidium  crassiplica.  Hall.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  p. 
869,  pi.  Ixvi,  figs.  24,  25.     1894. 

Shell  elongate,  subelliptical  in  outline.  Valves  subequally  con- 
vex, depressed  above ;  cardinal  slopes  broad  and  abrupt  on  both. 
Umbo  of  the  pedicle-valve  erect,  not  prominent,  surface  slightly 
elevated  medially.  Umbo  of  brachial  valve  depressed,  apex  con- 
cealed ;  median  rejrion  depressed  anteriorly ;  surface  of  both 
valves  bearing  broad  rounded  plications,  separated  by  deep 
grooves.  Of  these  plications  there  are  from  eight  to  ten  on  each 
valve  over  the  pallial  region ;  by  dichotomizing  these  become 
more  numerous  anteriorly. 

Niagara  group.     Near  Louisville^  Kentucky. 

Conchidium  Georgiae. 

Plate  11,  figs.  10,  11. 

Conchidium  Georgia'^  Ilall.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  p.  869, 
pl.  Ixvi,  figs.   18,  19.     1894. 

Pedicle-valve  unknown  ;  brachial  valve  trilobed  by  the  develop- 
ment of  a  strong  median  fold  which  extends  from  apex  to  mar- 


Uepobt  op  thk  Statk  Geologist. 

In,  and  is  sharply  delimited  by  abrupt  lateral  slopes.  The  sides 
I  the  valve  arc  convex,  rather  narrow,  and  slops  abruptly  to  the 
Iftteral  margins.  Umbo  falland  incurved.  Surface  covered  with 
lurnerous  duplicating  plications,  of  which  from  fifteen  to  twenty 
may  be  counted  on  each  side  at  the  margins,  and  twelve  to  four- 
[teen  in  the  fold. 

Clinton  group.     Trenton,  Georgia. 

Pentamerus  oblongrus,  Sowkbbi',  var.  Maquoketa. 

Plntcll.  flgH,  12-14. 

ntatnvrtts  oblongiis,  var.  Maquoketa,  Hall.    Pulaeontology  of  N,  Y.,  vol. 

VIII,  [)C,  3,  cxpl.  pi.  livii,  ligB.  11-13.  I8B4, 
Sheila  small,  with  highly  ventricose  valves;  general  aspect 
'ovoid.  Umbo  of  the  pedicle  valve  not  greatly  elevated.  Mar- 
ginal outline  Buboval.  Surface  smooth.  Spondylium  well 
developed  in  the  pedicle-valve;  septal  plates  of  the  brachial  valve 
not  uniting. 
Niagara  dolomites.    Near  Duhvijw,  Iowa. 

Pentamerus  oblongus,  Som-kkdi,  var.  subrectus. 
P]U«  12,  figa.  i-a. 
it(nR<m«oUott|7iu,  var.  HibruftM,  Hall.    P(tlaMiDtatug7o(N.Y.,  vol.  VIII, 

.  expl.  pi.  Ixviii.  flR.  (1;  [.I.  Ixii,  figs.  2,  3,  8-10.  isn4- 
yhclls  wilh  eloti^iiitc,  sul.ii]ii:ulr;ite  marginal  outliru',  In^h,  sub- 
rectangular  cardmal  e.\trctni:ios,  narrow  and  expert  umbo. 
A'alvcs  snbe(|iially  canvc.t,  the  grcatn'st  convf.xity  In  ing  from 
umbo  to  anteritir  margin  along  the  modian  axis.  Each  valve 
bears  a  longitudinal  impressed  median  line  and  Iwn  div.T;:t>nt 
grooves  which  divide  tlio  surface  into  tlircc  divisiima  or  fault 
lobes.  Surface  smooth  ;  sometimes  with  traces  ol'  obscure,  coarse 
radial  folds  in  the  medijin  region. 

Niagara  group.     J'/ru:i  co'in/i/.  Imoa. 

Capellinia  mira. 
Pliili-];i,  li,;n.  S-13. 
Ci'lo'Wiuia  m\r,:.\\.>\\.     I'n]iiraiitol.){,'y  of  N.  Y..  vol.  Vtll,  jit.  a.  ii,  24(1,  |>1  lx.\, 
fi«rt.  6-14.     l.S'J4. 
Shells  large,  elongate  subovate.     The  relative  si^e  and  convex- 
ity of  the  valves  noi'inal  for  ['KNT.l^[KK  s  are  hero  reversed,  the 
brachial  valve  being  the  larger  and  deeper,  with   full,  slnmgly 
arcuate  and  incurved  beak,  the  apex  of  which  is  concealed  within 
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the  umbo  of  the  opposite  valve.  The  pedicle  valve  has  an  acate^ 
suberect  beak,-  which  is  not  arched  posteriorly  but  rises  directly 
from  the  cardinal  margins.  Below  it  is  a  broad  delthyrium 
without  evidence  of  deltidial  plates.  There  is  no  hinge-line  but 
the  margins  of  the  delthyrium  make  subacute  angles  with  the 
lateral  margins  of  the  valve.  Cardinal  slopes  very  broad  and 
abrupt.  The  pedicle-valve  is  flattened  above,  while  that  of  the 
brachial  valve  is  evenl}^  and  deeply  convex;  it  also  shows  a 
tendency  to  trilobation  or  obscure  radial  plication.  Surface  of 
both  valves  otherwise  smooth.  Internal  apparatus  as  in  Pen-- 
tamerus  oblangus. 

Niagara  dolomites.     Near  Milwaukee^  Wittconsin, 

Barrandella  Areyi. 

Plate  13.  figs.  1-3. 

Barrandella  Areyi,  Hall.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  p.  868,  pi. 
Ixxi,  figs.  14-10.     1894. 

Shell  small,  ventricose,  with  sinus  on  the  pedicle-valve  and  fold 
on  the  brachial  valve.  Surface  on  both  valves  rather  sharply  and 
coarsely  plicated,  the  largest  plicition  being  in  the  median  sinus, 
with  traces  of  tiner  ones  on  the  slopes  of  the  sinus.  The  median 
fold  bears  two  well  defined  plications  with  faint  trace's  of  others, 
while  on  each  lateral  slope  of  the  valves  there  are  four  or  five  less 
sharply  angular  ribs. 

Clinton  group.     Iioclic^ttr^  N.  Y. 

Gypidula  Romingeri. 

Plate  12,  tigs.  1-V\ 

GypUhda  liomingcri,  Ilall.     Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  expl.  pi. 
Ixxii,  figs.  27-3;}.     Ib94. 

Shells  piano,  or  subi)lano-c()nvox  ;  maT'ginal  outline  circular 
or  subelliptical.  Pedicle-valve  highly  c  mvex,  regularly  arched 
from  beak  to  margin.  Hinge-line  short,  straight;  cardinal  area 
distinct,  narrow,  sometimes  with  remnants  of  deltaria  or  deltid- 
ium.  On  the  interior  the  pedicle- valve  bears  a  short,  free  spondy- 
lium  and  the  brachial  valve  a  sessile  cruralium  which  mav  extend 
for  one-half  the  vshelTs  length.  The  surface  of  both  valves  is 
covered  with  coarse,  often  irregular  and  bifurcating  plications. 

Hamilton  group.     Alj>ena^  Michigan, 
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Sieberella  Roemeri. 

Rate  13,  Rg.  i. 

Pentamenu  galealus,  F.  Roemer.    Silur.  Fauna  dee  weatl.  TeniteeaM,  p.  73, 

pi.  V,  fig.  11. 
SUbeTflla  hoevieri.  Hall.     Palaeontobgy  of  N.  Y.,  vol.  VIII,  pi.  8,  p.  2*7,  pi. 
Uiii,  fig.  6.     18S4. 

Shell  similar  in  general  aspect  to  SUbe-reJh  gahala,  but  some- 
what more  elongate,  less  distinctly  plicate  and  always  smaller, 
having,  also,  the  septal  plates  of  the  brachial  valve  united,  form- 
ing a  cruraliura  resting  on  a  median  septum. 

Niagara  group.     P^ny  county,  Tennessee. 

Rensselxria  Cayuga. 
Plate  18,  figs.  14,  lit. 
Rmtfeimria  Cayuga,  Ball.     Palaeontology  ol  N.  Y,,  vol.  VUl.  pt.  3,  p.  370,' 
pi.  liiT,  flga.  I,  3.    1884. 

Shell  lenticular,  often  of  large  size;  suboval  in  marginal  out- 
[line.  Valves  subequally  biconvex,  sloping  regularly  in  all 
''directions.  Apex  of  the  pedicle-valve  scarcely  prominent ;  umbo 
it  conspicuous,  somewhat  elevated  medially.  Divergent  cardi- 
ridges  and  cardinal  slopes  well  defined.  Brachial  valve  with 
ape.x  depivri^ed  ;iriit  cnno.'aled ;  snmewhaL  less  convex  in  the 
umbonal  region  than  the  opposite  valve.  Surface  of  both  valves 
covered  with  a  great  number  of  fine,  simple,  thread-like,  rarely 
duplicating  plications,  of  which  fnim  TO  to  100  may  be  counted 
on  each  valve  near  the  anterior  margin. 
Oriskany  sandstone.     Caywja,  Ontario. 

Rensselxria  ovulum. 

Plate  14.  figs.  15,  16. 
Rensni'tcerid  ovtihnii.  Hall.    Palaeontology  of  N.  Y.,  vol.  YlII,  pt.  2,  e.tjil.  jil. 
lixv,  figB.  3,  4.     18114. 

Shell  larf^e,  distinguished  from  7?.  ovoUles  by  its  more  orbicular 
form  and  regularly'  convex  valves,  and  from  R.  Vaijmja  by  its 
larger  size  and  greater  convexity.  Its  outline  is  rather  regularly 
oval,  the  greatest  diumeter  of  the  valves  being  somewhat  in  front 
of  the  middle.     Surface  covered  with  line  radial  plications. 

Oriskany  sandstone.     Cayiiija,  Ontario. 
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Oriskania  navicella. 

Plate  14,  figs.  1-8. 

Oriskania  navicetta^  Hall.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  p.  270,  pi. 
Ixzix,  figs.  25-27.    1894. 

Shell  of  considerable  dimensions,  elongate-ovate,  plano-convex. 
Pedicle- valve  much  the  deeper  with  a  prominent  median  ridge. 
Surface  of  both  valves  smooth.  Interior  with  a  broad,  triangular 
undivided  hinge-plate,  bearing  an  erect,  lamellar  unciform  cardi- 
nal process  and  stout  crural  lobes.  In  the  pedicle-valve  are  well- 
developed  dental  lamellae. 

Oriskany  sandstone.    Handout  and  Hvdsony  N.  Y. 

Selenella  gracilis. 

Selenella  gracilis^  HaU.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  p.  271,  figs. 
184-186. 

Shells  small,  elongate-ovate,  with  attenuate,  truncate  beak. 
Yalves  convex,  surface  smooth.  Interior  with  a  simple  centro- 
nellid  loop. 

Corniferous  limestone.     Cayuga^  Ontario. 


Selenella  ffracilis. 

Fig.  2.  Outline  profile  of  conjoined  valves. 

Fig.  8.  Preparation  showing  the  form  of  the  loop. 

Fig.  4.  An  oblique  view,  showing  the  upward  curvature  of  the  anterior  plate. 

Cryptonella  subelliptica. 

Plate  14,  figs.  4-6. 

Cryptonella  subelliptica j  Hall.    Palaeontology  of  N.  Y.,  vol.  VIII,  pt.  2,  expL 
pi.  Ixxxi,  figs.  41-43.     1894. 

Shell  elongate  oval,  broadest  near  the  center  of  the  length; 
valves  convex,  smooth.  Pedicle-valve  with  arched  and  truncated 
beak. 

Waverly  group.     Sciotoville^  Ohio, 


Explanation  of  Plates. 

PLATE  I, 
LtNGULA   COMPTl,  Hall, 


;.  1.  A.  specimen  of  the  brachial  valve  (?) ;  shon-in^  the  lateral  impreeBioiiB 
and  the  median  septum  ext«ndiitK  tu  the  anterior  margina.     x  S. 
H&milton  shales.     Canandaigua  Lake,  N.  V. 


Ltsou. 


,   UN  a  UL  AT  A,  Hall. 
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Page  327. 
Fig.  2.  The  pedicle-valve,  from  which  the  epidermal  layer  is  partially  eifoli- 
ated;  showing  the  peculiar  deflection  of  the  anterior  margin,  which  1b  a 
constant  feature,    x  S. 
Clinton  group,    Near  Hamilton,  Ontario. 


LlNGlTLA  BCCTTEtLA,  Hall. 


Fig.  3.  An  internal  cast,  indicating  that  the  muscular  region  of  the  valve  wu 
depressed  instead  of  thickened  and  elevated,  as  is  usually  the  case.     X  9, 
Chtimung  group.    Allegany  county,  iV.  Y. 


Fig.   4.  The    pedicle- v. live  ;  showing  the  peci 
near  the  beak  by  concentric  growth-lines. 
Clinton  group.     Clinton,  N.   Y. 


LiNGuLA  (Glossina)  flabellula.  Hall. 
Page  326. 
Fig.  5.  A  very  large  example  from  which  a  portion  ot  the  shell  has  been 
exfoliated,  without  showing  any  traces  of  muscular  markings. 
Waverly  group.     Sciotonille,  Ohio. 
Fig.  6.  A  similar  valve,  exposing  the  inner  lamina  of  the  shell,  with  faint 
radiating  lines, 
lierea  grit.    Berea,  Ohio. 


LlNGULOPS   Gr, 


,  Hall. 


Fig.  7.  The  interior  of  a  brachial  valve,     x  6. 

Fig.  S.  The  interior  of  a  pedicle-valve.    The  muscular  area  is  here  developed 
into  a  well-defined  platform,   while  in  the  species  L.   Wliitjieldi  and  L. 
Norivoodi,  it  retains  its  lliiguloid  character,     x  6. 
Niagara  group.    Hamillon,  Ontario. 
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MONOMBBBLLA.  GBBXlTIIy  HalL 

Page  828. 
Fig.  9.  An  internal  cast  of  the  pediole-valTe;  showing  the  extremelj  small 
umbonal  chambers  and  the  sharply  defined  crescent,  cardinal  groove  and 

lateral  scars. 

• 

Fig.  10.  An  internal  cast  of  a  pedicle-valve;  showing  the  very  bfoad  cardinal 
margin  and  its  lateral  extent ;  also  the  faint  umbonal  cavities  and  the  con. 
spicuous  cardinal  g^roove  and  crescent. 

Fig.  11.  An  internal  cast  of  the  brachial  valve;  showing  in  the  matrix  the 
impression  of  the  cardinal  area.  The  platform  scars  are  accompanied  by 
only  a  very  faint  thickening  of  the  shell. 

Fig .  12 .  The  interior  of  a  brachial  valve,  from  a  gatta^peroha  cast  of  a  natural 
impression.    The  creeoentio  fulcrum  is  exceedingly  strong  and  the  plat- 
form veiy  obscure. 
Niagara  limestone.    Orafton,  Wucomin, 

Fig.  18  An  internal  cast  of  the  brachial  valve ;  showing  a  portion  of  the  broad 
area  of  contact,  the  platform  scars  with  the  diverging  anterior  ridges. 
Niagara  limestone.    Bismg  Sun,  Ohio. 

Fig.  14.  The  interior  qt  a  brachial  valve,  with  sharply  defined  terminal  scan 
and  anterior  ridges.    From  a  gutta-percha  cast. 
Niagara  limestone.    Orafton,  WUconnn. 
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chambers  and  the  sbsrpl;  defiDsd  niusi^ulur  impreesiona . 
Fig.  3.  Opposite  side  of  the  same  Bpecimen  :  showing  the  internal  chEkTBClera 
of  the  brachial  vaWe. 
Niagara  limestone .     Ifairlkome,  IHinoU. 

MONOMKSSLLA.   EoANI,  Hall. 

Page  330, 
Fig,  8.  A  brachial  valve;  showing  the  strongly  developed  cardinal  area,  the 
narrow  crescent  and  the  platrorm  eears.    The  umbonal  cavit;  is  filled  by 
a  thick  deposit  of  testaceous  matter. 
Niagara  limestone.    Ora/ton,  H'wcombiti . 

MoMouBBBLLA  Obtoki,  Hall. 

Page  330. 

Fig.  4.  An  internal  cast  of  the  pedicle- valve,  in  which  all  the  charaetera  of 

the  shell  are  very  sharply  defined . 
Fig.  5.  The  counterpart  ot  the  same  from  a  gutta-percha  impression;  show- 
ing ttie  broad  deltidium  without  evidence  of  subdivision,  the  conspLcaous 
cardinal  slope  and  groove,  the  crescent  and  platform  ecara  and  the  pallial 
trtinks  with  their  ra mi fi cations. 
Niagara  limestone.     Rl.'iirig  Sim,  Ohio. 

RiiiNouoLUH    Davidsonii,  Hall. 
Pafie  331 . 
Fig.  6,  The  interior  of  a  brachial  valve. 
Fig,  7.  The  interior  of  .i   larger   brachial   valve:   showing   the  imdeveloped 

platform,  the  crescent  and  tiie  transverse  muscular  scars. 
Fig.  8.  A  small  pedicle- valve,  ahowiug  its  internal  characters. 
Niagara  hmestone,     Qi-nftou,  Wisconsin. 

SCPHON-OTRETA    (?)     Ml.-JNKSOTKNSIP,  Hall, 

Page  33a. 
Fig.  9.  View  frimi  the  br.'icUial  side  of  a  specimen  retaining  the  valves  in  jux- 
taposition, anil  prererving  most  of  the  epidermal  layer  of  the  shell.  The 
spine-basi's  aliout  the  In'ak  are  notably  larger  and  more  cl.isely  set  than 
over  the  rest  ot  the  surface,  where  they  iKciLr  at  conKiderable  interviils 
along  the  concentric  varices.  The  entire  length  of  the  spines  is  evidently 
not  represented  in  tlie  fringe  at  the  margin,     x  3. 
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Fig.  10.  The  opposite  side  of  the  same  specimen.    The  imperfection  of  the 
I  Talve  in  the  umbonal  region  has  rendered  it  impossible  to  determine  with 

accuracy  the  generic  character  of  the  species,    x  2. 
Trenton  limestone.    Minneapolis,  Minnuota. 

ObBICULOIDBA  NUMULUSy  Hall. 

Page  888. 

Fig.  11.  The  exterior  of  a  pedicle- valve. 
Lower  Helderberg  group  (Waterlime).    Marshall,  N,  Y. 

Oabiculoidxa  (Schizotrbta)  oyalui,  HalL 

Page  888. 
Fig.  12.  View  of  the  pedicle-valve;  showing  the  short  foraminal  groove,    x  8. 

Fig.  18.  Profile  of  the  same  specimen;  showing  the  valves  in  juxtaposition. 
X8. 
Trenton  limestone.    MidcUevUle,  N.  Y. 

Obbiculoidxa  Heszbbi,  Hall. 

Page  888. 

Fig.  14.  Theexterior  of  a  pedicle- valve,     x  1.5. 
Cuyahoga  shale.    Berea,  Ohio. 

Fig.  15.  An  internal  cast  of  a  brachial  valve ;  showing  the  impressions  of  two 
strong,  diverging    vascular   sinuses  (?)  and  finer   markings  about  the 
margins,     x  1.5. 
Cuyahoga  shales.     Newark,  Ohio. 

Fig.  16.  The  internal  pedicle-area,  having  the  lateral  pedicle  callosities 
coalesced,  leaving  the  foramen  open  but  otherwise  concealing  the  structure 
of  the  area,     x  8. 

Fig.  17.  A  similar  structure,     x  8. 

Fig*.  18.  The  interior  of  the  apical  portion  of  the  brachial  valve;  showing  the 
small  median  septum,  extending  forward  from  the  apex,     x  8. 

Fig.  19.  The  internal  pedicle-area,  in  which  the  lateral  callosities  have  not 
fully  coalesced,     x  8. 
Cuyahoga  shales.    Berea,  Ohio. 

Fig.  20.  A  similar  structure,  the  lateral  callosities  being  somewhat  more  com- 
pletely united,     x  8. 
Cuyahoga  shales .     Bacon  »6ery ,  Oh  io . 
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FigB.  1, 3.  Interior  and  iuti^rn&l  ciiBts  of  s  br&chial  valve  to  which  a  portion  of 
the  shell  adheres,  showing  the  strong  lateral  ridges,  faiot  median  Bepttim 
and  obBcure  mugcular  impreesions. 

Fig.  3a.  Outline  profile  of  coojoined  valvea  of  a  smaller  example,  the  pedi- 
cle'Valve  being  at  the  left. 
Hamilton  group,     iVeai-  Hamilton.  N.  1'. 

Fig.  8.  A  natural  cast  of  the  exterior  of  a  large  pedicle-valve  ;  showing  the 
character  of  the  surface  ornament  and  the  peculiar  undulation  of  the  (.■on- 
centric  ridges  on  approaching  the  pedicle-area.  The  pedicle-pussagu 
difleru  from  that  in  the  normal  mature  Obbicui/hdka  in  not  being  closed, 
though  its  mnrgioa  appear  to  be  in  contact. 
Hamilton  group,     JVear  LeonardBoiiU,  N.  Y. 

Hg.  4.  A  small  pedicle- valve,  witii  characteristic  ornamentation  imd  strongly 
developed  foramina!  groove. 
Hamilton  group.    Darien,  N.  Y. 

ScBIZOCBATilA   SciJUCUEETI,    Hall. 

Page  iU. 
Fig.  6.  A  email  brachial  valve  retaining  moat  of  the  evt«mal  surface.     K  8>.  .^J 
Fig.  B.  A  lurge  brachial  yalve,  ehowing  the  posterior  muscular  scan.     K  &      ^ 

Fig,  7.   An  intiiviiluiil  from  wliiL'li  most  of  tin?  uf.pcr  valTc  lias  b.^en  retiiowi 
exposing  the  fliit  pedicle- valve,     '  3, 
Hudson  River  group,     Coi'iiiijlvn.  Kentucky. 

StIIIZOCRANIA   (?)    IlKI.DKBTtBKGlA,    Hall. 

Page  331. 
l''ig,  8.  The  lower  exterior  surface   of   an   individual,  showing  the  coarsely 
radiate  surface  of  tbe  pedicle- valve,  and  the  overlapping  edges  of  the 
finely  striated  pedicle- valve.     '^  3. 
Fig.  0,  The  internal  surface  of  tbe  pedicle- valve,  showing  a  broad  pedicle- (Sb- 
sure  and  the  overlapping  margins  of  the  upper  valve,     x  3. 
Ijower  llelderlierg  gro'T-     -iVf'ir  ClarksiHIle,  N.  Y. 

Cbania  AOARiciNA,  Hall. 

Page  333, 
Fig,  10,  An  individual  attached  to  a  branch  of   TrematoI'Ora  ;  sbowing  the 
sparse  and  relatively  coarse  radiating  ribs.     >;  3. 
I^wer  Ilelderberg  group,     Xrur  Clarkuville,  X.  Y. 

378 


BRACHIOPODA. 


Report  State  Ceolotist,  1894. 


ias«s  ■?■  "iifj^.Suaa  ^v 


Craxia.  gravosa,  HalL 

Page  886. 

Fig.  11.  A  somewhat  distorted  upper  valve ;  showinl^  the  finely  granuJoee 
surface. 

ft 

Fig  13.  A  portion  of  the  surface  enlarged,    x  20. 
Hamilton  group.    Centerfieldf  N,  Y, 

Caania  fayinoola,  HalL 

Page  886. 

Fig.  18.  A  lower  valve,  slightly  broken  about  the  posterior  margin,  but  show- 
ing the  very  large  posterior  muscular  impressions,  the  deeply  impressed 
anteriors  with  sharply  elevated  marg^ins  and  median  fulcrum ;  also,  the 
radiating  pallial  sinuses.  The  shell  is  attached  to  a  specimen  of  JPhvih 
sites  piruniy  Davis. 
Hamilton  group.    Crab  Orchard,  Ktnttuiky. 

CbANIA  PULCIIKLLAy  HalL 

Page  885. 
Fig.  14.  An  individual  attached  to  a  valve  of  Obtbis. 
Lower  Helderberg  group.    Ntsar  ClarksvUle,  N.  Y. 

Cbaniblla  TjLBiCHiy  Hall. 

Page  886. 

Fig.  15.  A  cast  of  the  interior  of  a  lower  valve,  somewhat  restored  at  the 
right ;  showing  the  strong  anterior  and  very  obscure  posterior  adductor 
scars  and  the  marks  of  the  vascular  sinuses.  The  shell  is  convex  and 
shows  no  evidence  of  attachment,  though  the  external  surface  is  covered 
with  brjozoan  growth,     x  1.5. 

Fig.  16.  An  internal  cast  of  the  upper  valve.    The  sigmoid  vascular  impres- 
sions are  simpler  than  elsewhere  observed.    The  scars  of  the  dorsal  adjust- 
ers and  of  the  muscles  accessory  to  the  anterior  adductors  are  also  shown. 
X  1.5. 
Trenton  limestone.    Minneapolis,  Minnesota, 

PlIOLlDOPS   PATIWA,  Hall. 

Page  887. 
Fig.  17.  The  exterior  of  a  valve,  showing  the  lamellose  (prowth-lines,  crossed 
by  fine,  interrupted  radiating  striss.     X  4. 

Fig.  18.  The  interior  of  a  ventral  (?)  valve.     X  4. 

Fig.  19.  The  interior  of  the  opposite  valve,     x  4. 
Corniferous  limestone.    DeCewville^  Ontario, 

PhOLIDOFS   CA.LCiSOLA,   Hall. 
Page  837. 

Fig.  20.  Tlie  interior  of  a  dorsal  (?)  valve,  showing  the  terminal  beak,  the  sub- 
apical  area  and  the  character  of  the  muscular  scars,     x  3. 
CJorniferous  limestone.    Falls  of  the  Ohio, 
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-  Obtbib  Paddbbuka.  Hall. 
Page  888. 

Kg8.  1,  a.  Exterior  and  interior  of  a  iiedicle-Talve.     x  8. 
Fig.  3.   Interior  of  a.  brachial  valve.     X  8. 

(From  tbe  originals  of  BlLLLSOs'sBpecieH.     "OrlkUorlliavibonites.'Paaiei." 
"Point  LevU;  in  the  upper  jtart  of  Limeatiyne  No.  2,  Quebec  group." 

Obthis  flabblliteb,  var.  spania,  Hall. 

Paf;e  886. 
'  Fig.  4.  Ad  internal  east  of  a  pedicle-valve,  having  the  expresaion  of  O-flabrl- 
lite/,  but  with  scarcely  more  than  one  half  the  number  of  plicaUonB  usual 
in  this  Hpecies. 
Niagara  dalomil«e .     Near  Sfilwaukee,  Wineontin. 

Obthis  (?)  iJLTiTA,  HalL 
Page  388. 
Fig.  5,   A  partial  internal  cast  of  a  pedicle-valve :  allowing  the  outline  of  the 
shell,  its  surface  ornamentalion  and  tlie  foMn  of  the  muscular  impression. 
Fig.  6.  A  similarly  preserved  shell  with  but  a  Bingie  series  of   radial  plica- 
tions and  showing  the  peculiar  reticulating  surface  sculpture,     x  2. 
Niagara  dolomites.     Near  Milwaukee,  Wiscontia. 

Orthib  (Pl^siohtb)  Loiucui.t,  Hall. 

Page  339. 
Fig.  7.  The  exterior  o(  a  pedicle-valve. 
Fig.  8.  Tbe  interior  of  a  brachial  valve. 

Fig.  9.   The  interior  of  n  pedicle- valve:  showing  the  character  of  the  muscular 
area  and  ovarian  markings. 
Qalena  limestone.     Foitntuin,  Minnesota. 

Okthis  (?)  Safkoedi,  Hall. 
Page  310. 
Figs.  10,  11,  la.  Ventral,  profile  and  dorsal  views  of  the  exterior, showing  the 
characters  of  the  speciee. 
Trenton  horizon.     Near  Knoxvilte,  Tennessee. 

Orthis  (Dai.maneli.a)  abcuaria,  Hall. 

Page  840. 

Figs.  13,  14.   Dorsal  and  profile  views  of  a  silicified  and  partially  exfoliated 

shell. 

Niagara  group.    Perry  county,  Ttnnesnee. 
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Obthis  (Dalmav«ll4)  suPXBffnM,  HalL 

Page  841. 
Figs.  15, 16.  Dorsal  and  profile  views  of  the  exterior. 
Fig .  17 .  The  interior  of  the  brachial  valye,  showing  cardinal  process,  adductor 

scars  and  yascular  sinuses. 
Fig.  18.  An  internal  cast  of  the  pedicle-valve;  showing  traces  of  the  vascular 

sinuses. 

m 

Chemung  (proup.   .Hoivard,  N,  Y. 

Obthis  HoLSTom  (Safford),  HalL 
Page  889. 
Figs.  19,  20,  21 .  Ventral,  profile  and  cardhial  views  of  the  type  specimen. 
Trenton  horizon.    Near  KnoxtnUe,  Tennessee, 

Obthis  (Sohizophobia)  sbkbota,  HalL 

Page  842. 
Fig.  22.    The  exterior  of  a  pedicle-valve;  showing  the  depression  over  the 
pallial  region. 

Fig.  28.  An  internal  cast  of  a  pedicle- valve;   showing  the  diductor  and 
adductor  scars.  - 
Clinton  group.    Beynale's  BaHn,  N.  Y. 

Obthis  (Rhipidomblla)  Owxni,  HalL 

Page  841. 
Fig.  24.  The  interior  of  a  brachial  valve. 
Fig.  25.  The  exterior  of  a  brachial  valve. 
Fig.  26.  The  interior  of  a  pedicle- valve. 
Waverly  group.    Button-^mould  Knobs,  Kentucky, 

StbOPHOMBNA    CONBADIy   HalL 

Page  848. 
Fig.  27.  Dorsal  view,  showing  the  reversed  convexity  of  the  valves,  and  the 
fasciculate  strisa. 

Fig.  28.  Outline  profile  of  the  same  specimen. 
Trenton  limestone.     Jacksonburg,  N,  Y. 

Fig.  29.  Profileof  a  brachial  valve. 

Fig.  30.  Outline  profile  of  both  valves  of  the  same  specimen. 
Trenton  limestone.     Trenton  Falls,  N.  Y. 

Stbofhombna  Winchblli,  Hall. 
Page  B4A. 
Fig.  81 .  The  exterior  of  a  brachial  valve,  showing  its  great  convexity  and  the 
fine  filiform  radial  striae  of  the  surface. 
Trenton  limestone.    Clifton^  Wisconsin, 

Fig.  82.  The  interior  of  a  brachial  valve. 
Trenton  limestone.     JanesuUle,  Wisconsin, 

Fig.  83.  The  interior  of  a  pedicle- valve,  showing  the  character  of  the  muscu- 
lar area  and  the  submarginal  thickening  of  the  shell . 
Trenton  limestone.      Clifton,  Wisconsin, 
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OBTHOTHBTBS  DKStDSRXTDS,   Halt. 
Page  34E. 

Fig.  1.  A  cardinal  view  of  an  internal  caat. 
Fig.  9.  A  donal  view  of  the  name  specimen,  showing  the  dorsal  niuscular 

Waverly  group.     Ohio. 

Derbta  Bshmki-ti,  liatl. 

Page  347. 

Fig.  8.  Transverse  section  near  the  apex  of  the  pedicle- valve,  showing  the 

median  septum  coalesced  with  a  solid  callosity  fiUing  the  apical  portion 

of  the  deltidial  cavity. 

Fig.  4.  A  section  of  the  same  specimen  nearer  the  hinge.     Thie  shows  the 

dental  ridgee,  tips  of  the  cardinal  process  and  the  median  septum . 
Figs.  S,  6.  Cardiaatand  profile  riews  of  thesame  Fipecimen. 
Figs.  7,  8.   Etoraal  and  ventral  views  of  a  smaller  sliell,  witli  a  large  ecar  ol 
attachment. 
Upper  Coal  Measures,     Kansan  Cil]/,  Migsouri. 

DlSBYA  (?)    COBTATULA,  B^ 

Page  846. 

Fig.  9.  Dorsal  view,  showing  the  rharaet^ristic  surface  ornamentation  of  the 

mty,  Kentucky. 

Deb  II Y  A  AFFiNis,  Hall. 
Page  349. 
Figs.  10,  11.  Cardinal  and  profile  views  of  a  small  individual,  with  the  irregu- 
lar growth  very  pronounced  on  both  valves. 
Upper  Coal  Meaeures.    Kansat  City.  Missouri. 


DSBBYA    BUGIN08A,    Hall. 

Page  345. 
Fige.  18,  18,  14.  Cardinal,  anterior  and  profile  views 

Keokuk  limestone.    JVcif  ProviiUnee,  IniHana. 
382 


BRACHIOPODA. 


Report  State  Geologisi.  1&94. 


^|h 


lBH>K5.'ft\:i>3ix.'e>\»aa 


DbBBYA  BsOADHBADry  Hall. 

Page  846. 

FigB.  16y  16.  Profile  and  cardinal  views  of  an  entire  individual,  showing  the 
rugose  and  somewhat  irregular  pedicle-yalye  and  the  median  sinus  of  the 
brachial  valve. 
Upper  Coal  Measures.    Kansas  City,  Missouri, 

DkBBYA  ^?)  BILOBAy  Hall. 
Page  850. 

Figs.  17, 18.  Cardinal  and  dorsal  views,  showing  the  bilobed  contour  and  obo- 
vate  outline,    x  2. 
Coal  Measures.     Winterset,  Iowa. 
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Figs.  1,  S.  DoTBal  and  cardinal  views  of  a  large  specimoa. 
Uppw  Coal  Measuree.    JVeor  Kciruog  City.  MU»oari. 

STBEFrOBHTNCEItrs   Ui^tctii,   Hall. 
Page  350. 
Fig.  a.  The  interior  of  a  pedicle-valve  referred  to  tiiis  genus  o 

the  peculiar  form  of  the  ahell  and  the  absence  of  a  median  aeptum. 
CheBter  limeet^ine.     Criltendeji  eountg,  Kentucky.  ' 

Orthotsopia  DOLOuincA,  Hall. 

Page  343. 

Fig.  4.  Ventral  view  of  an  internal  cast;  Bhowmg  the  form  of  the  shell,  tlie 

short  straight  hinge  and  the  conapicuoua  mUBCular  scars. 
Fig.   B.  The   interior   of   a   pedicle- valve,   showing   the   cardinal   area,   open 

delthyriuni,  muscular  scar  and  short  median  septum. 
H'lge.  It,  7,  8.  Dorsal,  ventral  and  cardinal  views  of  an  internal  cast,  showing 
the  form  of  the  muscular  impressions,  the  median  septum  in  each  valve 
and  the  elevation  of  the  cardinal  areit.     X  2. 
Niagara  dolomites.    Near  JUilieankee,  IVismnHn, 

SrHOrHOKSLLA  cosTATULA,  Hall. 

pMge  3S4. 
Figrt.  9,  111.     Dorsal  and  profile  vie«-B  of  the  fiiell,  showing  the  reversed  con- 
vexity of  the  valves  iiml  the  sharp,  irregularly  dichatoniiKiiig  plications. 
Niagara  group.     Loiii^t-ilte,  Keiitufky. 

I'LKCTAMnOJJlTBB    I'RODUCTA,  Hall. 
Pagf  354. 
Figs.  11,  12.  Profile  and  front  views  of  an  internal  cast  of  a  pedicle-valve. 
Niagara  dolomites,      iclti'ii.-  Springs,  Ohio. 

Christiania  suhquadeata.  Hall. 

Page  351. 

Figri,  13,  14.     Two  views  of  a  pedicle- valve,  showing  its  elongate  form,  smooth 

or  squamous  surface. 
Fig.  15.   The  interior  of  a  pedicle- valve,  with  an  opendclthyrium  and  showing 

the  muscular  walls  and  scars. 
Fig.  16.  The  eiterior  of   a  bracliia!  valve,  showing  the  cardinal  process  and 
edges  of  the  crural  plates. 
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Fig.  17.  The  interior  of  a  brachial  Talve,  thowing  the  bilobed  oardinal  prooen 
and  the  quadruple  adductor  scar,  divided  l^  high,  yertioal  musoolar 

walls. 

•  • 

Fig..  18.  Cardinal  view  of  the  brachial  valve,  showing  the  cardinal  procees, 
widely  divergent  crural  plates,  and  the  prominent  longitudinal  and  trans- 
verse muscular  ridges  inclosing  the  scars  of  the  adductor  muscles,    x  8. 

LbPTJBNISOA    TANGBNSy   Hall. 

Page  852. 

Figs.  19,  20.  Opposite  sides  of  a  pedicle-valve  which  has  been  attached  to  a 
frond  of  FenesttOa.    x  8. 

Fig.  21.  The  exterior  of  a  pedicle-valve  in  which  the  rugose  growth  has 
obscured  the  median  sinus.  The  deep  umbonal  cicatrix  has  been  caused 
by  attachment  to  some  bryozoan.    x  8. 

Figs.  22,  28.  Exterior  and  interior  of  a  pedicle-valve,  showing  the  cicatrix  of 
attachment,  delUdium  and  dental  plates,    x  8. 

Figs.  24,  25.  Opposite  sides  of  a  pedicle-valve  attached  to  a  twig  of  Tremato- 
pora,    X  8. 
Lower  Helderberg  group.    Near  ClarksviUe^  N.  F. 

LvPTJEiaSCA  ADKASCSKSy  Hall. 
Page  852. 

Fig.  26.  A  pedicle- valve  attached  by  nearly  its  entire  surface  to  the  interior  of 
a  valve  of  Orihis  oblata.  The  specimen  shows  the  dental  lameUaa  and 
median  ridge  dividing  the  muscular  area,    x  8. 

FiR.  27.  A  specimen  retaining  both  valves,  attached  to  the  surface  of  Orthia 
perelegans.    x  4. 
Lower  Helderberg  group.    Near  Clarksvillet  N.  Y, 
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PLATE  Vn. 

TbIPLBCIA   NlARABBNBlS,    Hsll. 

Page  851. 
FigB.  I,  a,  8,  4.    Cardinal,  oblique  cardinal,  anterior  and  profile  views  of  an 
internal  cast,  showing   tlie  eharply   defloed   median   fold   and   Binue   on 
brachial  and  pedicle- valves,  respecticelj.  the  marginal  plication  and  the 
cavity  left  bj  the  cardinal  procesa. 
Niagara  dolomiteB.    Near Milwavkee,  Wisconsin. 

Stbophalosia  ctmbula,  Hall. 


Page  355. 
Fig.  5.  The  exterior  of  a  pedicle-vaWe,  showing  the  scar  of  attachment. 

Keokuk  group.     Lebanon.  Kentvckp. 

SrBOFQALoarA  RockpobdbnsiSj  tiall. 
Page  853. 
Figs.  6,  7,  8.  Dorsal,  cardinal  and  ventral  views  of  a  specimen,  showing  the 
external  characters  and  size  of  cicatrix. 
Upper  Devonian.    Rockford,  lotea. 
Figs.  9,  10.  Cardinal  and  dorsal  views  ot  a  larger,  but  incomplele  example. 
Upper  Devonian.    Rockford,  Iowa. 

Chonostbopbia  Hbidbbbkboia,  Hall. 
Page  358. 

Fig.   11.   A  specimen  in  which  the  valves  are  opened,  exposing  their  internal 
surface,  showing  the  extremely  fine  radial  strlation,  teeth  and  cardinal 
process. 
Lower  Helderberg  group.     Near  ClarksinUe,  N.  Y. 

Spibifeb  CE1SPATU8,  Hall. 
Page  355. 
Figs.  12,  IS.  Views  of   the   original  speci.-r.en,  showing  the  coarsely   plicate 
surface. 
Niagara  group.     Maryland. 

Spibifbb  Canandaigu-*:,  Ilall. 
Page  355. 

Figs.  14,  15.  Ventral   and  profile  views  of  a  somewhat  imperfect  individual, 

showing  the  tow  rounded  lateral  plications. 
Fig.  16.  Enlargement  of  the  surface,  showing  the  closely  crowded  concentric 

row  of  fine  granules  or  spine-bases.      x5. 
Hamilton  group,     Canandaigua  Lake,  N.   Y. 
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Spibifbb  Wxixiah8I|  HalL  . 
Page8S6. 

Figs.  17, 18»  19.  Doraal,  cardinal  and  ventral  views  of  a  large  example,  show- 
ing the  low,  coarse  and  sparse  plication  of  the  fold  and  sfnns. 
Chemung  gronp.    Allegany  county,  N,  F. 

Spieifbb  vucbonatus,  Conrad,  var.,  postsbub,  HaXL 

Page  856. 

Fig.  20.  An  internal  cast  of  the  pedicle-valve,  showing  the  impression  of  the 
muscular  area. 

Fig.  21.  Internal  cast  of  a  brachial  valve. 

Fig.  23.  Exterior  of  a  brachial  valve,  showing  the  lamalloBe  surfaoe  and  ex- 
tended cardinal  extremities.  * 

Fig.  28.  Internal  cast  of  a  brachial  valve. 

Fig.  24.  The  central  portion  of  the  interior  of  a  brachial  valve,  enlarged. 
Chemung  group.    Tompkins  County ,  N.  F. 

Spibifbb  Nbwbbbbti,  Hall. 
Page  857. 
Fig.  25.  The  exterior  of  the  brachial  valve. 

m 

Fig.  26.  An  enlargement  of  the  surface.  » 

Waverly  group.    Ohio, 

Spibifbb  disjctnctus,  Sowerby,  var.  sulcivkb,  HalL 

Page  856. 

Fig.  27.  The  internal  cast  of  a  brachial  valve ;  showing  the  sulcus  on  the  pli- 
cated fold. 
Chemung  group.    Near  Olean,  N,  Y. 

Cybtia  badians.  Hall. 
Page  857. 

Figs,  28,  29.    Cardinal  and  profile  views  of  the  original  specimen.    The  cen- 
tral cardinal  area  of  two  examples,  showing  the  direct  circular  foramen 
and  elongate  f oraminal  groove. 
Clinton  group.    Rochester,  N,  Y. 

387 


PLATE  VIH. 
Cyktina  lacheymoba,  Hall. 

Page  BfiS.  •■ 

FigB.  1,2,  Views   of   an  average    example;    Bhowing    the  regular,  slightly 

incurved  cardinal  aiva,  and  the  sparaelj  puatuloBe  exterior,     x  2. 
Fig.  S.  As  enlargement  of  the  exterior:  slion-ing  the  large  pustules  of  various 

Waverly  group.    Biehfidd,  Ohio. 

Ctbtina  hbogknes,  Hall. 

Page  873. 

Fig.  4,  The  pedicle-valve  broken  so  as  to  sliow  the  median  septum  supporting 

convergent  dental  plates. 
Fig.  G.  An  internal  caet  of  the  pedicle- valve. 
Fig,  6.  Cardinal  view  of  tlie  same  Hpecimen;  showing  the  convergent  dental 

plates  uniting  with  the  median  aeptum.     x  3. 
Fig.  7,  An  enlargement  of  the  external  surface;  showing  the  iiases  of  concen- 
tric rows  of  spinnles.     x  4. 
Fig.  8.  An  enlargement  of  a   portion   of   the  interior  of  the  pedicle- valve: 
showing  the  convergenc«  of  the  dental  platea  and  the  projection  of  the 
median  septum  beyond  their  union,     x  3. 
Cliert  of  the  Burlington  llmeetona    BurlingioA,  loma, 

Cyrtina  vubokata,  Hall,  var.  Alphmbmsis,  Hall. 

Page  357. 

Figs.  9,  10.     Views  of  an  individual  of  normal  si/.e. 

Fix.  11.  The  conjoined  valves  split  along  the  median  septum;  slioivitig  ihe 
extreme  extension  of  the  latter,  its  acute  anteiior  e,\treniity,  iind  the  pene- 
tration of  its  median  edge  beyond  the  base  of  the  denta!  lamelkt'. 

I'ig,  12.  Front  view  of  a  preparation  :  showing  the  normal  shape  of  the  spiral 
cones,  and  the  form  of  the  crura  and  loop,     x  1). 

I'ig,  13.  A  lateral  view  of  another  preparation  showing  the  extension  of  the 
spiral  into  the  rostral  cavity  divided  by  the  median  septum,  and  the  pro- 
jection of  the  loop  downward  and  toward  tiie  brachial  valve.     '■<  IJ. 
Hamilton  group.     Alpemi,  Mk-Mgan. 

SYBiNOOTiiTRia  MissouKi,  Hall. 
Page  358. 
Figs.  14,  15,  16.  Three  views  of  the  original  specimen;  showing  its  small  size, 
elevated    pedicle- valve,   broadly   rounded   cardinal   margins   and    coarse 
lateral  plications. 
Cboteau  hmestone.     IHke  county,  Mmoiiri. 
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Page  860. 

Figs.  17, 18, 19.  Doraal,  profile  and  ventral  views,  showing  the  convexity  and 
coarse  plication  of  the  valves. 
Lower  Helderberg  group.    Ferry  county,  Tennessee, 

Mbbista  Tbnnbssbbnsis,  HalL 

Page  861. 

Figs.  20,  21 .  Two  views  of  the  exterior  of  a  somewhat  elongate  example. 

Fig.  22.  Dorsal  view  of  a  broader  example. 

Fig.  28.  The  exterior  of  the  pedicle-valve,  showing  the  cavitj  left  by  the 
removal  of  the  '< shoe-lifter." 

Fig.  24.  The  interior  of  a  pedicle-valve. 

Fig.  25.  The  interior  of  a  brachial  valve. 
Lower  Helderberg  group.    Perry  county,  Tennessee* 

Mkbistblli.  Walcotti,  HalL 

Page  860. 
Fig.  26.  The  hinge-plate,    x  8. 

Fig.  27.  An  internal  longitudinal  view;  showing  the  position  and  form  of  the 
jugum  and  one  of  the  spiral  cones. 

Fig.  28.  The  spirals  and  jugum  naturally  preserved  by  incrustation  and 
viewed  from  the  posterior  margin. 

Fig.  29.  A  similar  preparation  to  which  a  portion  of  the  internal  oast  of  the 
valves  adheres.  The  specimen  is  viewed  from  the  dorsal  side,  and  shows 
the  form  of  the  spiral  cones  and  the  length  of  the  median  septum. 

Figs.  80,  81.  Dorsal  and  profile  views  of  the  exterior. 
Oriskany  sandstone.     Cayuga,  Ontario. 
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PLATE  IX. 

TOKYNIFSB   CBITICPB,  Hall. 
Page  »99. 

Fig.  I.  A  fnigment  ot    the  pedicle- valve  with  well-defined  cardioal    area, 
proiouienl  teeth,  convergent  dental  lamellro.  forming  a  diHtinot  apoudy- 
lium,  supported  by  a  median  septum,     x  2. 
St.  Louis  group.     La  Rue.  Kentnekn. 

RBTNCHOBPrB^  BCAUSA,  Hall. 

Page  861. 
Fig.  8.  A  view  of  the  ext«rior  of  the  pedicle- valve,  showing  a  median  sulcus 
similar  to  that  occurring  in  t<rpical  representatives  of  the  genus. 
Waverly  group.     Mi-Ktan  ivuHtt/,  Pvntisj/U'ania, 

Atuvbis  drnsa,  [lall. 
Page  35.'?. 
Fig.  3.  The  interior  of  a  small  but  thicliened  pedicle- valve;  showing  the  broad 
cardinal   slopes,   the   deep   pedicle-cavity  and   relatively  large   muscular 


Figa.  4,  5.  Dorsal  and  profile  views  of  conjoined  valves;  showing  the  contour 
of  the  shell,  the  foramen  and  broad  cardinal  nlopes  of  the  pedicle- valve, 
the  median  elevatioD  and  low  marginal  sulcus  of  the  brachial  valve. 
St.  Louis  group.    Colexbargk,  Kenlufkj/, 
Fig.  6.  The  interior  of  a  larger  pedicle- valve;  sliowing  a  faint  median  ridge. 
Fig.  7.  The  interior  of  another  pedicle- valve,  showing  an  umbonal  thickening 
of  thy  shell,  and  thu  division  of  the  nmsculiir  iirea. 
St.  Louis  group.      '\l'tisliiiigl-in  e-ninli).  IiKliami . 
Fig.  b.  The  interior  of  a  pedicle-vHlve  with  relatively  anmll  muscular  area  and 
linguate  extension  of  tlm  unierior  margin,  which  is  nuich  foresliorti'ueil 
in  the  figure. 
St.  Louis  group.     L<iiirnvill'\  IwU-iiiti. 
Fig.  0.  The  interior  of  a  pedicle- valve,  showing  the  details  of  the  musiuUif 


St.  Louis  group.     Colrjiun/h,  Ki'iiliickr/, 


Page  a59. 
Fig,  10.  A  dorsal  view  of  an  internal  cast. 
Fig.  11.   A   ventral   view   of   a   similar   specime 

]iedicle-cavity  and  muscular  scars. 
Fig.  12.  Cardinal  view  of  the  same  specimen. 
Fig,  13,   A  profile  of  the  specimen  represented  it 
Pendleton  sandstone,     PrniUelon,  Iiflkina. 
3i'0 
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Page  8M. 

Figs.  14, 15.  Doraal  and  profile  views  of  oon joined  valves.    X  8. 

Fig.  16.  A  view  of  the  brachidium  naturally  preserved  by  inorustation  and 
exposed  by  the  removal  of  a  portion  of  the  valve,    x  8. 
Coal  Measures.     Windktor,  Nova  Scotia. 
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ClIMTOKBLLA   VAOABUllDAy  HalL 

Page  861.  ! 

Fig.  17.  A  dorsal  view  of  an  internal  cast,  retaining  the  shell  at  the  umbo  of 
the  pedicle- valve. 

Fig.  18.  View  of  another  specimen  similarly  preserved. 

Fig.  19.  Profile  of  the  same;  showing  the  normal  convexity  of  the  valves  and 
the  elevation  of  the  median  fold  on  the  brachial  valve. 

Fig.  20.  Ventral  view  of  the  same  specimen;  showing  the  depth  of  the  median 
sinus. 

Fig.  21.  The  interior  of  an  imperfect  pedicle- valve;  showing  the  teeth  and 
deltbyrium.    x  d. 

Fig.  22.  The  interior  of  a  pedicle- valve;  showing  the  elevation  and  curvature 
of  the  teeth,    x  2. 

Fig.  28  An  internal  cast  of  a  pedicle-valve,  showing  the  muscular  area  crossed 
by  plications  of  the  shell,    x  2. 

Fig.  24.  The  interior  of  the  umbonal  region  of  conjoined  valves,  viewed  from 
in  front;  showing  the  mode  of  articulation  and  the  bilobed  cardinal 
process,     x  8. 

Fig.  25.  An  internal  cast  of  the  pedicle-valve;  showing  the  division  of  the 
muscular  scar  into  adductor  and  diductor  scars,     x  2. 

Fig.  26.  The  uAibonal  portion  of  the  brachial  valve;  showing  the  bilobed  hinge- 
plate.     X  3. 
Clinton  group.     Drift  of  icesteni  New  York. 

Atrypina  Clinton  I,  Hall.' 

Page  862. 

Fig.  27.  An  internal  cast  of  the  pedicle-valve;  showing  the  adductor  and 
diductor  scars,     x  2. 

Fig.  28.  The  exterior  of  a  pedicle- valve,     x  2. 

Fig.  29.  The  interior  of  an  incomplete  brachial  valve;  showing  the  small 
bilobed  hinge-plate  and  low  muscular  ridge,     x  8. 

Fig.  80.  A  dorsal  view  of  a  specimen;  showing  the  internal  cast  of  the  brachial 
valve  and  the  teeth  and  rostral  cavity  of  the  pedicle- valve,     x  2. 
Clinton  group.     Drift  of  western  New  York. 
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Ztqospuu  rttTiLi  a,  HalL 
Page  383 . 
Fi)^.  81.  32.  Dorsal  and  ventral  viemi  of  a  typical  example,     x  2, 
Hiideon  River  group.     Pike  eoanty,  Miasouri.  f 

Gli^su  Romikqbbi,  Hall.  * 

Pajte  883. 
Fig.  33.  &  preparation  showing  the  introverted  coils  and  the  direction  of  the 

rigs.  M-86,  Ventral,  profile  and  dorsal  views  of  the  exterior;  showing  the 
smooth  surface  and  bilobed  anterior  margins  of  the  valves.     ^  3. 
Trenton  limestone.     In  a  tlrift  bavlder  near  Ann  Arbor,  Miehigan. 

Cauabofbokia  BIIOMBOIDALIS,  Hall. 
Page  363. 
Fig.  3T,  Dor^l  view  of  a  rather  siunll  apecimea. 

Figa,  38,  39.  40,  Anterior,  dortial  and  ventral  views  of  an  average  adult  pOMcaa- 
tng  a  sharper  median  fold  and  stronger  plication  and  showing  the  median 
septum  in  each  valve  tJirough  the  substance  of  the  shell,     x  3. 
ComiferoiiB  limestone.     Peru.  Indiana. 

LlOBBTNCnUS  LsaLKTi,  H&ll. 

Page  ses. 

Figa.  41,  42,  4S.  Dorsal,  profile  and  ventral  views  of  a  mature  sfaell;  showing 

the  rntlirr  obBcurely  defined  niwiinn  fold  on  Hie  convex  brachial  valve,  the 
(leepainus  of  the  pedicle- valve  uud  llie  llnuauallj  complete  plication  of  Ihe 
lateral  slopes. 
Upper  Devonian.     Peniixs/lrniiia, 


PLATE  X. 
Pababtkophia  Gszbnii,  HalL 
Page  Ml. 
1-i.  Ventral,  profile,  dorsal  and  cardinal  views  of  an  internal 


ing  the  character  of  tlie  pliuadon  of  the  eurTace  and  the  i: 
of  each  valve. 


^dioD  septtun 


Fig.  6.  Cardinal  view  of  another  individual;  showing  tlie  caTitiee  left  bjr  the 
median  septa, 
Niagara' dolomites.    Near  Milwaukee,  iriscoiiairt. 

Pabastbopbia  latiplicata,  Hall. 

Page  8flS. 

Fig.  6.  An  internal  cast  of  a  brachial  valve;  allowing  liie  few  broad  plications 

and  the  exitent  of  the  median  eepLum. 
Fig.  7.  An  internal  cast  of  the  brachial  valve  in  which  the  filling  of  tha 
spondylium  is  eipoaed  and  the  four  scars  of  the  adductor  impression  dls- 
tinctly  retained. 
Figs.  8.  S.  Profile  and  cardinal  views  of  the  same  specimen. 
Fig.  10.  Anterior  view  showing  the  elevation  of  tha  median  fold  and  char- 
acter of  the  plication. 
KiagElra  doloodtes.    Near  Milwaukee,  Witcoruin. 


PaBABTBOFBIA   DITBBQEITB,   HbIL 

Pagese4. 

Figs.  11,  12.  Ventral  and  dorsal  views  showing  the  spondylium  and  septa  in 

the  umlional  region. 
Fig,  13.  Cardin.il  view  of  a  specimen  which  has  been  transversely  sectioned  in 

the  umbonal  region,  the  brachial  valve  being  represented  above;  showing 

the  sixmdylia.     x  U. 
Fig.  14.  Anterior  view  of  the  specimen  represented  in  Cige.  11,  12. 
Iludson  River  group.      M'iliiiiii'jlon,  Illinoin. 


PiRASTROrHIA    SIDLTIPLECATA, 

Page  305, 
Figs,  l."!,  16,   Anterior  and   protile   views  of    i 
broad,  strong  plications,  of  which  there  ai 
the  sinus. 
Fig.  17.  Cardinal  view  of  another  and  rather  n 
idg  the  cavities  left  liy  the  median  septa. 
Niagara  dolomites,    Xear  Milii-aii!:f,  M'hco 
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Page  865. 

Figs.  18,  19.  Ventral  and  cardinal  views  of  a  sharply  mi^rked  internal  cast  of 
large  size;  showing  the  muscular  impressions  of  both  valves  and  the  vasoa- 
lar  sinuses  in  the  pedicle-valve  radiating  from  the  impression  left  by  the 
umbonal  testaceous  callosity. 
Chemung  group.    Steuben  county,  N,  F. 

CONCHIDIUM  BXPOlfXHS,  HalL 

Page  886. 

Figs.  20-28.  Interiors  of  pedicle  (figs.  20,  21)  and  brachial  valves  (figs.  22,  28). 
Niagara  group  (EUdysites  bed).    LouuviUe,  Kentucky, 

CoNCHmiuM  Nbttblbothi,  HalL 

Page  866. 

Figs.  24.  25.  Dorsal  and  lateral  views.    (After  Nbttblboth.) 
Comiferous  limestone.    Near  LouismOe,  Kentucky, 

■ 

This  fossil  published  by  Mr.  Nettelroth,  under  the  name  of  Pentamenu 
Knightii  (Fossil  Shells  of  ICemtucky),  is  referred  by  him  to.  ^e  Comiferous 
limestone.  The  form  and  entire  external  characters  of  the  species  are  so  sim- 
ilar to  those  from  the  Niagara  formation  in  the  vicinity  of  the  Falls  of  Ohio 
and  elsewhere,  that  the  reference  to  this  ^^logic  horizon  is  probably  errone- 
ous. The  form  is  very  similar  to  Conchtdium  bUoculare,  Linn6,  from  the 
Island  of  Gotland;  and  to  some  varieties  of  Conchidium  nyeiue,  Niagara 
group,  near  Louisville,  Ky.,  that  one  can  scarcely  doubt  its  Silurian  age. 
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PLATE  XI. 

COKCBIDIDU   OBBOLKTDU,    Hall. 

Page  366. 
FigB.  1,  3.  Doraal  and  ventral  views  of  ui  inteniEil  cast;  ehowing  the  few  low 
and  broad  plicutJonB,  the  iDngthof  the  median  septum  of  the  pedicle-valre, 
the  septal  plates  aod  muscular  impreaaions  of  tha  brachial  valve. 

Niagara  doloniitee.     Genoa,  Ohio. 

CONCniDlOM  CBASSIPLICA,   Hall. 
Page  387. 
Figs,  3,  4.  Dorsal  and  profile  views;  showing  the  ovate  form  of  the  shell,  the 
Bubequalij  convex  valves,  short  and  depressed  beak  of  the  pedicle-valve 
and  the  coarse  duplicate  plication  of  the  surface. 
Niagara  group.     Probably  from  the  vicinity  of  Louisville,  Kentucky. 

CoNciiiDiTiu  Gbbbnti,  Hall. 

Page  38T . 
Figs.  6,  6.  7.  Ventral,  cardinal  and  profile  vievrs  of  a  specimen  somewhat 
restored  about  the  margin;  showing  the  short,  ventrjcoee  valves  and  the 
fine  duplicate  plication. 
Niagara  dolomites.     Near  Milieaukee,  Wiaeonsin. 

CODCHIDIOM    SCOPABIHU,   Hall, 

Page  386. 
Figs.  8,  B.  Ventral  and  dorsal    views  of  a  specimen  retaining  much  of  the 
shell  and  preserving  a  very  distinct  and  rather  fine  radial  plication . 
Guelph  Jolomites,     Durham,  Ontario. 

CoNCuiDUM  GaOKGi^,  Hall. 
Page  367. 
Figs.  10,  11 .   Cardinal  and  dorsal  views  of  the  brachial  valve,  characterized  by 
its  strong  median  fold. 
Clinton  group.     Trenton,  Georgia. 

Pbntamseus  oblongub,  var,  Maqookkta,  Hall. 

Page  368. 

Pigs.  13,  13.   Dorsal  and  profile  views  of  an  internal  cast;  showing  the  ovoid 

and  regularly  convex  valves. 
Fig.  14.  Cardinal  view  of  another  individual;  showing  the  position  and  extent 
of  the  internal  platee. 
Niagara  dolomites.     -Year  Diibuqiie,  loiva, 
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PLATE  XU. 
PsNTAUBBUB  OBLONODB,  Sowcrby,  var.  I 
Page  869. 
FigB.  1,  3.  Dorsal  ftnd  ventral  views  of  a  normal  mature  individual;  showing 
tbe  characteristic  outline,  prominent  umbo,  trilobate  exterior  and  linear 
median  depression  on  both  valves. 
B^g.  8.  Dorsal  view  of  a  large  individual,  sligbtly  imperfect  at  the  anterior 

margin. 
Fig.  4.  A  somewhat  weathered  specimen,  in  which  the  valves  have  been  dis- 
placed from  their  normal  position,  exposing  the  spondylium  of  the  pedicle- 
valve,  and,  by  the  removal  of  the  rock,  alao  showing  part  of  tlie  united 
seplAl  plates  of  the  brachial  valve. 
Figa.  B,  6.  Ventral  and  dorsal  views  of  a  anaall  specimen  of  subquadrate  out- 
line, trilobed  ext*.'rior,  and   Ehowing  the  single  median  septum  on  each 

!  Niagara  beds.    Jones  countp,  Iowa. 

Gy  PI  DDL  A   HOUINGSBI,   Hall. 

PageSSd. 

Fig.  7,  Cardinal  view  of  a  pediole-valve;  showing  a  well-defined  cardinal 
area,  the  teeth  and  the  form  of  the  spondylium. 

Fig.  8.  Dorsal  view  of  the  umbonal  region  of  the  specimen  representtd  in 
fig.  30;  showing  the  sharply  defined  cardinal  area,  and  the  deltari.i  or 
remnants  of  the  deltidium.     x  2. 

Fig.  9.  Interior  of  a  large  brachial  valve;  showing  the  size  and  structure  of 
the  spondylium. 

Fig.  10.   A  smaller  specimen;  showing  similar  features. 

Figs.  11,  12.  Dorsal  and  profile  views  of  a  large  specimen;  showing  the  char- 
acters of  the  exterior.  The  surface  of  the  brachial  valve  is  somewhat 
exfoliated  in  the  umbonal  region,  exposing  the  base  of  the  si)ondyliiim 
and  the  vascular  markings. 

Fig,  13.   An  individual  of  average  size  with  an  unusually  fiat  brachial  valve 
'  and  coarse,  duplicathig  plications. 
Hamilton  group.     Xeiir  Alpena,  Michigan. 
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PLATE  X[1I. 
Babbandxlia  Abet  I,  H&ll. 
Page  869. 
Figa.  1.  3,  8.  Dorsal,  profile  and  ventral  viewa;  showing  the  Btrongly  plicated 
fold  and  sinns  on  brachial  and  pedicle-valrea  reepectivelir,  and  the  sharp 
plication  of  the  lateral  slopes .     X  3 . 
Clinton  group.     Eocliealei-,  N.  Y. 

SiSBSBELLA   RoEUSBI,    HalL 

Page  870. 
Ffg,  4.  Doraal  view  of  an  individual  of  rather  large  size;  showing  the  chano- 
teriatic  plication  of  the  Binus  and  lateral  slopes  and  their  obsolescence  in 
the  umbonal  region. 
Upper  Silurian .     Perry  vounty,  Tennessee, 

Cafbixinia  utba,  Hall 

PageBSS. 

Fig.  B.  Cardinal  view  of  a  pedicle- valve;  showing  the  suberect  beak  and  wide 

delthyrium. 
Fig.  0.  Ventral  view  of  the  same  specimen. 

FigB.  7,  8.  Cardinal  and  ventral  views  of  a  normal  example;  showing  the  pre- 
doniinaot  convexity  of  the  brachial  valve,  the  smooth  surface  and  the 
position  and  e\t«nt  of  the  internal  plates. 

Fig.  9.  A  brachial  valve,  showing  the  length  of  the  septal  plates. 

Figs.  10,  11.  Ventral  and  profile  viewa  of  a  specimen  in  which  the  umbo  of 
the  pedicle-valve  is  abruptly  depressed . 

Fig.  13.  Cardinal  view  of  another  example. 

Fig.  18.  Profile  of  a  normal  individual. 

Niagara  dolomites,     ft'car  Mihi^ukri',  Wisconsin. 

Rbn.sselabbia  Catuga,  Hall. 

Page  370. 
Figs,  14,  16.  Dorsal  and  ventral  viewe  of  a  specimen  which  retains  most  of  the 
shell  and  shows  the  fine  plication  of  the  valves. 
Oriakany  sandstone.    Cayuga,  Ontario, 
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PLATE  XIV. 

Oribkania  MAVicEiXA,  Hall. 

Page  871. 

Figs,  1,  a,  8.  Dorsal,  profile  and  ventral  views  or  the  exterior;  Bhowing  the 

elongate  form  and  plano-coavex  contour  of  tlio  epeclee. 

Oriakany  sandstone.     Roiidoiit,  N.  1'. 

CBTProKELLA  SDSKLLirncA,  Hall. 
Page  371, 
Fige.  4,  5,  6.  Ventral,  profile  and  dorsal  views  of  an  internal  cast  in  iron-stone; 
ehowing  the  form  and  contour  and  the  muscular  acara  of  the  brachial 

Waverly  group.    Seiotoville,  Ohio. 

■  BzzcHBBU  Davidboni,  Hall. 

Page  373. 
Fig.  7,  The  internal  cardinal  structure  exposed  by  the  removal  of  a  portion  of 


the  pedicle- valve;  showing  the  absence  of  dental  platefl  and  the  structure  of 

the  loop.     K  3, 
Fig.  8.  Outline  profile  showing  the  manner  in  which  the  lametlie  of  the  loop 

originate  from  the  hinge-plate. 
Fig.  fl.  Dorsal  view  of  an  elongate  shell. 

Figs.  10,  11.  Profili;  and  dorsal  views  of  an  average  specimen. 
Carboniferous  limestone.      Windsor,  Xiiva  Sculia, 

DlELASUA  OBOVATUU,  Hall. 

Page  372. 
Figs.  13.  13,  14.    Vyntral.  dorsal  and  profile  views  of  the  original  specimen . 
Coal  Measures.     Keiil'ieky, 

Rensskl-ioria  ovuldm,  Hall. 
Page  370. 
Fig.  15.  An  internal  cast  of  the  brachial  valve;   showing  the  muscular  Bears, 
the  large  cavity  left  by  the  hinge-plate  and  the   genital  workings  in  the 
unibonat  region. 
Fig.  16.  An  internal  cast  of  llie  pedicle- valve. 
Oriskany  sandstone.     Ciiijuga,  Ontario. 
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Genera  of  the  North  American  Palaeozoic 

Bryozoa. 


WITH  AN  INTRODUCTION  UPON  THE  STRUCTURE 

OF  LIVING  SPECIES. 


Bt  GEOBGE  B.  SIMPSON. 


Albany,  N.  Y.,  Jam,ua/ry  1, 1895. 
James  Hall,  LL.  D.,  State  Geologist : 

Sm. — Herewith  I  beg  to  commumoate  for  your  report  a  paper 
which  I  have  entitled  "  A.  Handbook  of  the  Genera  of  the  North 
American  Palaeozoic  Bryozoa,"  prefaced  by  some  observations 
upon  the  structure  of  living  species. 

This  work  is  the  direct  outcome  of  the  investigations  made  in 
preparation  of  Volume  VI  of  the  Palaeontology  of  New  York 
(1887),  and  has  been  done  by  me  as  a  member  of  the  staff  of  the 
geological  department,  t^he  collections  made  for  use  in  that 
work,  as  well  as  your  own  private  collection,  and,  through  your 
intervention,  those  of  the  American  Museum  of  Natural  History 
of  New  York,  have  been  freely  accessible  to  my  use,  and  I  take 
this  opportunity  of  expressing  my  appreciation  of  the  favorable 
conditions  under  which  my  work  has  been  done. 

Very  respectfully  yours, 

GEORGE  B.  SIMPSON. 


HISTORICAL  INTRODUCTION. 


It  is  scarcely  more  than  one  hundred  years  since  naturalists  gen 
erally  recognized  the  fact  that  corals  belong  to  the  animal  king- 
dom. Though  in  the  year  1599  F£ba.ntb  Impebato,  a  naturalist 
of  Naples,  in  his  work,  "  Histoire  Naturelle,"  asserted  that  fact,  he 
found  few,  if  any,  believers  in  his  statement.  In  every  reference 
that  I  have  seen  to  this  author  he  is  referred  to  as  an  ^*  Apothe- 
cary of  Naples  "  —  seemingly  overlooking  the  fact  that  this  man 
as  a  naturalist  possessed  knowledge  nearly  150  years  in  advance 
of  any  other  naturalist  in  regard  to  the  Zoophytes.  To  him 
should  be  given  the  honor  which  is  generally  accorded  to  men  of 
the  eighteenth  century.  This  book  was  republished  in  1672,  but 
even  then  attracted  little  attention,  and  subsequently  seems  to 
have  been  relegated  to  oblivion.  Db  Blainvillb  speaks  of  his 
work  as  being  one  of  the  most  important  in  zoophytological 
history. 

Whatever  had  been  the  importance  of  Impbbato's  work  at  the 
time,  his  statements  had  fallen  into  complete  oblivion  at  the 
beginning  of  the  eighteenth  century.  In  1706,  Count  Mabsigli,  or 
Mabsilli  as  his  name  is  sometimes  written,  in  a  letter  to  the 
Abbe  BiG.^oN,  and  later  in  1711  in  "Brieve  ristretto  del  Sagio 
fisico  intorno  alia  Storia  del  Mare,"  Venice,  1711,  reasserted  the 
doctrine  of  the  vegetable  nature  of  corals  and  makes  the 
remarkable  assertion  that  he  had  seen  the  plants  in  full  flower 
mistaking  the  expanded  tentacles  for  the  petals  of  a  flower. 

Jban  Andre  Peysonnelle,  a  physician  of  Marseilles,  saw  the 
error  into  which  Maesigli  had  fallen,  and  in  1727,  in  a  communi- 
cation to  the  Academy  of  Sciences  at  Paris,  reasserted  the  doc- 
trine of  Impebato,  that  the  seeming  flowers  were  animals,  and 
that  the  hard  part  was  provided  for  the  protection  of  the  ani- 
mals. This  communication  was  entrusted  to  the  great  naturalist, 
Keaumub,  to  be  presented  to  the  Academy,  but  so  ludicrous  did 
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KftAUMUBCODsider  Piysomnkllk's  belief  to  be,  and  so  great  was  hia 
contempt  for  his  doctrine,  that  while  prf^enting  it  to  the  Acad- 
,.emy,  he  not  only  vigorously  combatted  the  idea,  but  suppressed 
PataoNNELLB's  name  in  connection  with  the  article. 

At  the  same  meeting  of  the  Academy  Beauudb  read  a  paper 
explaining  the  growth  of  corals  in  accordance  with  vegetable 
physiology,  (See  Hist,  de  I'Acad.  Royale  des  Sci.  p.  61,  and  also 
Reaumur's  memoir  in  the  same  volume,  p.  360.) 

In  his  communication  to  the  Academy  Petsonnkli-b  main- 
tained that  the  organisms  described  by  M&RsiiiLi  as  flowers  were 
analogous  to  the  Aotinia,  whose  animal  nature  was  admitted, 
and  that  the  hard  parts  were  formed  by  a  fluid  deposited  by  the 
animal,  which  afterward  hardened,  and  that  in  these  parts  was  no 
trace  of  vegetable  organism,  mixing  up  the  principal  truth, 
namely,  the  animality  of  corals,  with  many  false  conclusions 
from  observations. 

Pktsomnellk  seems  to  be  remembered  chiefly  by  this  discovery, 
which,  though  previously  recorded  by  iMPEKATo,  was  to  all  intents 
original,  as  Iupebato^s  writings  were  at  that  time  practically 
unknown.  According  to  the  Philosophical  Transactions  "  M. 
PicrBONNELi  K,  disposed  from  his  youth  to  the  study  of  natural 
liistnry,  after  havini,'  (Qualified  himself  for  the  prnctiv;^  of  medi- 
cine, applied  himself  with  great  diligence  to  the  practice  of 
that  science,  to  which  his  inclination  so  strongly  prom])ted  him, 
and  being  a  native  of,  and  residing  at  Marseilles  he  had  an 
opportunity  for  examining  the  curiosities  of  the, sea,  which  the 
fishermen,  more  especially  those  who  fished  for  corals,  furnished 
him  with."  According  to  Johnston  (History  of  British  Zoo- 
phytes) he  was  subsequently  appointed  Physician-Botanist  to 
his  "  Must  Christian  Majesty  "  in  the  island  of  Guadaloupe,  and 
had  ever}'  opportunity  for  prosecuting  his  researches  on  the 
coast  of  Barbary.  He  Is  the  author  of  two  or  three  communi- 
cations to  the  Philosophical  Transactions,  of  which  the  most 
interesting  is  "  An  account  of  the  visitation  of  Leprous  persons 
in  the  isle  of  Guadaloupe,"  In  the  volume  for  the  year  1757. 

In  the  year  1T41,  Abraham  Tbkmblet,  while  making  e.xperi- 
ments  on  the  fresh-water  Hydra,  which  had  been  discovered  by 
Lekewkkhock  in  1702,  especially  on  its  reproductive  power,  dis- 
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covered  in  the  fresh  waters  near  the  Hague,  a  plant-like  animal, 
growing  in  masses,  from  which  proceeded  crescent-shaped  ten- 
tacles. The  tentacles  were  the  most  striking  feature  of  these 
animals,  and  from  them  Tbemblet  gave  the  name  to  the  animals  of 
"  Polype  d  panache,"  the  Polyp  with  plumes.  In  the  Philosophical 
Transactions  for  1742  will  be  found  a  full  account  of  this  discov- 
ery, and  in  "  Memoirs  pour  servir  a  I'Histoire  du  genre  de  Polypes 
d'eau  douce,"  Leyden,  1744,  he  gives  an  accurate  account  of  the 
anatomical  details,  which  have  been  surpassed  by  few  subsequent 
observers.  He  demonstrated  an  alimentary  canal,  consisting  of 
oesophagus,  stomach  and  intestine,  and  also  the  muscles.  He  also 
showed  the  relation  between  the  animal  and  its  cell,  and  proved 
that  the  latter  was  created  by  the  former.  He  further  described 
and  fully  understood  the  statoblast.  Though  recognizing  the  in. 
testine,  he  failed  to  detect  its  termination. 

This  species  was  subsequently  found  in  England  by  Bakeb, 
who  gave  to  it  the  name  "  Bellflower  animal "  in  "  Employment 
for  the  Microscope,"  1753.  In  this  paper  is  first  recorded  the 
termination  of  the  intestine. 

In  the  autumns  of  1741  and  1742,  Bbbnaed  db  Jussibu  and 
GuETTABD  visited  different  points  on  the  coast  of  France  for  the 
purpose  of  studying  the  marine  zoophytes.  They  had  an  oppor- 
tunity of  observing  several  forms,  which  had  not  been  seen  by 
Peysonnelle,  notably  Skbtularea,  Flustba  and  Alcfoniuai,  the 
last  of  which  especially  excited  their  admiration  by  the  beauty 
of  its  tentacles  which  could  be  seen  by  the  naked  eye.  La^cabgk. 
speaks  very  highly  of  Gqettabd's  labors,  which  seem  to  have 
been  especially  directed  to  fossil  Polypes  and  Sponges. 

The  result  of  the  observations  of  JudsiEa  was  communicated  to 
the  Koyal  Academy  of  Sciences  on  the  14th  of  November,  1742, 
and  was  published  in  1745.  His  observations  were  precise  and 
were  illustrated  by  excellent  figures.  He  described  four  species  as 
illustrating  the  most  remarkable  forms,  viz.:  Alcyonium,  digita- 
turn,  Tuhidariaindivisa^jFlustrafoliaceaSind  Cellepora pumicoaa. 
In  regard  to  the  Sertula.bid^  in  the  Mem.  de  I'Acad.  Royal  des 
Sciences,  1742,  he  says,  "II  s'en  presentoit  ensuite  quantite  des 
celles  qu'on  appelle  Corallines,  les  unes  pierreuses  dans  lesquelles 
je  ne  remarquai  rien,  et  les  autres  dont  les  tiges  et  les  branches,  et 
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Fee  qui  passoit  pour  feuillee,  etoient  d'une  apparence  membraneuse, 
■  idaas  lesquelles  je  decouvmis  que  ce  qu'on  y  preuoit  pour  teuilles 
disposees  alternativeraent,  ou  dans  un  sens  oppose,  n'etoit  autre 
chose  que  do  petits  tuyaux  conteuaut  chacun  ua  petite  msecte." 
The  work  of  TsKMiu-Ky,  JntsiEu  and  Gdkttakd  convinced  Read- 
Mcs  tliat  the  views  of  1'kvsownkli,k  were  in  the  luaio  correct, 
and  that  he  had  been  in  error  in  combatting  them.  He  now 
advocated  the  anlmality  of  corals  (Memoires  pour  servir  a  I'Hia- 
toire  des  Insectes,  Paris,  17*2,  tome  xvi,  Prefatio,  pp.  68-80),  but 
so  deep  seated  wa^  the  belief  in  the  vegetality  of  corals  that 
his  views  made  a  very  slight  impression.  Dr.  VrrALiAuo  Donati 
in  a  work  entitled  "  New  discoveries  relating  to  the  History  of 
Corals,"  translated  by  Stack  and  published  in  Phil-  Trans.,  Vol. 
XLVII,  Feb.  7,  1750,  gave  a  minute  account  of  the  coral  and  its 
inhabitant,  but  his  terms  were  botanical  and  bis  opinions  so 
doubtful  that  he  rather  confirmed  the  advocates  of  the  vegetable 
theory  in  their  opinion. 

A  few  years  afterward  (Phil.  Trans.  1757,  abridg.  xi,  p.  83),  he 
says  :  ^'  1  am  now  of  the  opinion  that  the  coral  is  nothing  less  than 
a  real  animal  with  a  great  number  of  heads.  I  consider  the 
polyps  of  the  coral  as  the  heads  of  the  animal.  This  animal  has 
;l  iiuu'^  raTiiiiicd  in  tho  shapt;  uf  a  shrub.  This  buiic  is  ciA-ercnl 
with  a  kind  of  llesh,  which  is  the  tlcsh  of  the  animal.  My 
ob.servatiims  have  discovered  to  me  several  analogies  IjeLween 
the  animals  of  a  kind  approaching  to  this.  Tliore  are  for 
instanoo  Kkkatuimivta,  which  do  nut  di lifer  from  coral,  except 
that  the  bone  or  pro]>  that  forms  part  of  the  animal  is  Lestaconus 
in  the  coral  arul  horny  in  KEKAioi'HyrA"  Pkysonhk (.].!-:  was 
still  living  and  in  1751  he  sent  to  the  Koyal  Society  a  treatise 
entitled  "Traite  du  corail,  contenant  les  nouveiles  decouveiacs, 
<lu'on  a  fait  sur  le  corail,  les  pores,  madrepores,  eachares,  lito- 
phitons,  •■■}>onges  et  autres  corps  et  productions,  que  lo  nier  fcmi'- 
nit,  etc.,  par  lu  Sieur  dk  Pkysonnelt.f,  M.  1>.,  correspondent  de  la 
lioyal  Acad,  de  Paris,  etc.,  etc.'"  This  manuscri|)t  was  never 
published,  though  a  review  of  it  was  given  !iy  Dr.  Watsun  in 
the  47th  volume  of  the  Phil.  Trans.,  i>ublis!ied  in  17."i3.  Tliis 
treatise  was  very  lengthy  and  consists  of  about  400  quartn  pages. 
In  the  same  year,  1752,  we  find  the  following  statement  in 
answer   to    Petsonnelle  concerning   the  .formation   of  corals. 
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corallines,  etc. :  ''And  indeed  it  would  seem  to  me  much  more 
difficult  to  conceive  that  so  fine  arrangement  of  parts,  such 
masses  as  these  bodies  consist  of,  and  such  regular  ramifications 
in  some,  and  such  well-contrived  organs  to  serve  for  vegetation 
in  others,  should  be  the  operation  of  little,  poor,  helpless,  jelly- 
like animals,  rather  than  the  works  of  more  sure  vegetation, 
which  carries  the  growth  of  the  tallest  and  largest  trees,  with 
the  same  natural  ease  and  influence  as  the  minutest  plant." 
(Parsons.) 

Even  LiNNE  could  not  be  convinced  of  the  purely  animal 
nature  of  corals,  but  maintained  that  the  stems  and  branches 
were  of  a  purely  vegetable  nature,  while  the  polyps  were  a  sort  of 
flowering  which  had  been  raised  and  perfected  to  an  animal 
nature. 

The  conversion  from  the  belief  of  the  vegetable  to  the  animal 
nature  of  corals  is  due  to  the  efforts  of  John  Ellis,  of  London, 
more  than  to  those  of  any  other  one  man.  Ellis  seems  to  have  been 
ignorant  of  the  labors  of  his  predecessors,  and  to  have  imagined 
that  his  discoveries  were  original.  In  1755  he  published  his 
work  *'  Essay  on  the  Natural  History  of  the  Corallines,"  which, 
from  its  fidelity  of  observations  and  its  correct  pictorial  illustra- 
tions left  but  little  room  for  doubt  as  to  the  true  nature  of  corals. 
He  also  contended  for  the  animality  of  Sponges,  in  which  he  was 
not  only  opposed  by  the  naturalists  of  his  time,  but  this  theory 
was  not  universally  accepted  for  more  than  one  hundred  years 
later. 

LiNNE  could  not  be  convinced  by  the  clear  descriptions  and 
figures  of  Ellis,  and  wrote  to  him,  as  follows :  "  Zoophyta  are  con- 
structed very  ditrereutly,  living  by  a  mere  vegetable  life,  and  are 
increased  every  year  under  their  bark-like  trees,  as  appears  in  the 
annual  rings  in  a  section  of  a  trunk  of  Gorqonia.  They  are, 
therefore,  vegetables,  with  flowers  like  small  animals,  which  you 
have  most  beautifully  delineated.  All  submarine  plants  are 
nourished  by  poi  es  and  not  by  roots,  as  we  learn  from  Fuci. 
As  Zoophytes  are,  many  of  them,  covered  with  a  stony  coat,  the 
Creator  has  been  pleased  that  they  should  receive  nourishment 
by  their  naked  flowers  He  has,  therefore,  furnished  each  with  a 
pore,  which  we  call  a  mouth.  All  living  beings  enjoy  some  motion. 
The  Zoophytes  mostly  live  in  the  perfectly  undisturbed  abyss  of 
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the  ocean.  They  can  not,  therefore,  partake  of  that  motion  wh  ich 
trees  and  herbs  receive  from  the  agitation  of  the  air.  Hence  the 
Creator  has  granted  them  a  nervous  system,  that  they  may  spon- 
taneously move  at  pleasure.  Their  lower  part  becomes  hardened 
and  dead  like  the  solid  wood  of  a  tree.  The  surface,  under  the 
bark,  is  furnished  every  year  with  a  new  living  layer  as  in  the 
vegetable  kingdom.  Thus  they  grow  and  increase  and  may  even 
be  truly  called  vegetables,  as  having  flowers,  producing  capsules, 
etc.  Yet  as  they  are  endowed  with  sensation  and  voluntary 
motion,  they  must  bo  called,  as  they  are,  animals;  for  animals 
differ  from  plants  merely  in  having  a  nervous  sentient  system, 
with  voluntary  motion,  neither  are  there  any  other  limits  between 
the  two." 

Notwithstanding  the  opposition  of  a  fetv  naturalists,  the 
animality  of  corals  was  hereafter  almost  universally  admitted, 
mora  than  one  hundred  and  fifty  years  after  its  discovorj'  by 
Imperato. 

In  1887,  Professor  Grant  read  -before  the  American  Society  an 
account  of  the  structure  of  Flustka,  in  which  he  describes  its 
locomotive  embryos.  (New  .Philofiophical  Journal,  Edinburgh, 
Vol.  Ill,  1827) 

In  the  following  year  M.  AcnociN  and  MiLNE-EnwARni  tr^vo  ;i 
very  com|>letc  account  of  the  anatomy  of  Fi  ustra  in  which  tlu'v 
called  attention  to  their  close  resemblance  to  the  Abc-ifha  and  the 
bearing  of  this  resemblance  u]>on  their  systematic  rank. 

They  called  attention  to  the  fact  that  some  of  the  ]inK|ics 
possessed  an  an;il  as  well  as  an  oral  opening  to  the  canal,  and 
proposed  to  f(mnd  a  division  of  the  polyps  into  classes,  according 
to  the  form  of  the  alimentary  canal,  lie  includes  moreover 
sponges  in  this  class. 

EiiKENi!KH<j  in  his  "  Symbohe  Physicaj"  publisiied  in  ]<?.! 
divided  the  polyps  into  two  principal  groups,  Antho/'ia  and 
Uryiizoa,  according  as  the  alimentary  canal  had  une  or  two 
aboral  openings.  Afterward,  in  1834,  he  modillcd  this  division 
bv  separating  the  Sertui.arid.e  and  other  Ilydnfonn  polyps, 
which  he  placed  in  a  class  called  LiMORi'e,*;A. 

In  1S3II  Dr.  John  A'.  Thompson,  at  that  time  stationed  at  Cork 
as  deputy  inspector- general  of  hospitals,  made  a  series  of  observa- 
tions on  the  marine  fauna  of  the  coast.     Ee  examined  the  ani- 
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mals  of  Bowerhankia  imhricataj  Valkeria  cuscuta^  V,  pustvloaay 
Vesicularia  spinosa  and  other  allied  forms.  He  also  perceived 
their  internal  relation  with  the  compound  Asoidi^,  and  separat 
ing  them  from  corals,  gave  to  them  the  name,  Poltzoa.  Being 
situated  in  a  remote  part  of  Ireland  he  was  seemingly  ignorant 
of  the  previous  work  of  Ehbbnbbsg,  Edwabds  and  Obant. 
Ehbenbebg's  papers  were  printed  from  1828  to  1^31  (Symbolae 
Physicae)  and  Thompson's  in  1830.  There  is  no  date  printed  on 
the  title  page,  but  according  to  Allman  it  is  to  be  found  on  the 
paper  wrapper  in  which  the  publication  was  originally  stitched. 
It  has  been,  and  still  is  a  matter  of  dispute  whether  the  term 
Bbtozoa  of  Ehbbnbbbo  or  Poltzoa  of  Thompson  has  priority.  . 
The  name  Bbyozoa  has  been  adopted  by  many  English  natural- 
ists, and  seems  to  be  growing  in  favor  among  them,  while  it  is 
used  by  all  the  naturalists  of  the  world,  with  the  exception  of 
those  of  England  and  her  colonies,  and  the  use  of  that  term  will 
probably  in  time  become  universal. 
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Thk  Cell.* 

The  typical  Bryozoan,  (fig  1)  is  composed  of  a  sac,  withwal 

ormed  of  an  inner  and  outer  layer,  the  endocyst,  Plate  I,  fig.  1» 


w,  and  the  cctocyst,  fig.  1,  t;  and  PI.  A,  tig.  1,  v.  The  outer 
layer  is  usually  ohitinous  or  calcareous,  though  in  sonio  forms 
it  is  gelatinous  and  sometimes  entirely  wantiug,  though  this  is 
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of  very  rare  occurrence.  Within  this  sac  is  suspended  the  ali- 
mentary canal,  consisting  of  oesophagus,  stomach  and  the  intestine 
bent  upon  itself  so  that  the  anus  is  in  close  proximity  to  the 
mouth,  as  shown  in  fig.  1  and  in  the  figures  on  Plates  A  and  B. 
Around  the  mouth  is  a  fringe  of  ciliated  tentacles,  which  serve 
as  respiratory  organs  and  as  a  means  of  conveying  food.  In  all 
the  marine  species  and  in  the  fresh-water  genus  Paludioella, 
the  tentacles  are  arranged  in  a  circle  around  the  mouth,  but  in 
the  other  fresh-water  genera  they  are  bilateral,  the  arrangement 
being  in  the  form  of  a  horseshoe,  from  which  fact  this  group  of 
Bbtozoa  is  called  Hippocrepian. 

The  month  and  tentacles  are  protruded  from  and  contracted  into 
the  cell  by  the  action  of  occlusor  and  retractor  muscles.  From  the 
fundus  of  the  stomach  to  the  base  of  the  cell  is  a  cord  known  as 
the  funiculus.  This  cord  extends  through  the  cell,  forming  a  means 
of  communication  with  the  other  cells  composing  the  colony. 
This  cord  frequently  gives  off  filaments  which  extend  through 
the  walls  of  the  cell,  being  continuous  with  similar  filaments  from 
adjacent  cells  (Plate  A,  tig.  \r).  The  testis  is  formed  on  the  funi- 
culus, the  ovaries  being  situated  on  the  endocyst  much  nearer 
the  mouth  of  the  cell  (fig.  1,  o,  and  plate  A,  figs.  1,  2).  The 
space  between  the  alimentary  canal  and  wall  of  the  cell  is 
filled  with  a  perigastric  fluid.  There  is  a  single  nerve  ganglion, 
on  the  side  of  the  oesophagus,  near  the  mouth  (fig.  1,  ^),  from 
which  filaments  proceed  in  different  directions,  but  principally  to 
the  lophophore  and  tentacular  crown.  In  some  forms,  as  in 
BowerhanMa  densa^  the  ectocyst  is  chitinous  and  beautifully 
transparent,  so  that  all  the  parts  of  the  animal  can  be 
distinguished  through  it.  In  most  of  the  forms  the  ectocyst 
is  calcareous  and  opaque.  Some  portions  of  the  cell  are  fre- 
quently more  fragile  than  others.  These  are  usually  absent  in 
the  fo§sil  stage,  the  more  calcareous  portions  alone  remaining 
and  giving  a  very  false  impression  as  to  the  original  form  of  the 
cell.  Some  species  which  when  living  had  an  ampullate  or  cucul- 
late  cell,  with  opercula,  appear  in  a  fossil  state  as  having  poly- 
gonal cells,  as  in  a  thin  section  of  a  Favosite.  This  condition  may 
also  be  observed  in  some  of  the  forms  adhering  to  shells.  In  the 
Mkmbranipora,  a  large  group  of  incrusting  Bbtozoa,  the  cells 
are  surrounded  by  a  well-marked  and  elevated   border.    The 
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space  within  this  border  is  called  the  area^  and  is  frequently! 
entirely  occupied  by  a  chitinoua  membrane,  in  which  is  the  cell-  f 
mouth.     In  the  fossil  statu  the  membrane  has  disappeared,  tha  \ 
elevated  border  alone  remaining,  the  whole  "  area"  appearing  a 
the  mouth  of  the  cell.    The  loss  of  all  chitinoua  portions  of  the  ^ 
cell  and  cbitinous  appendages  will,  of  course,  greatly  change  its 
appearance,  making  it  miicli  more  difficult  to  classify  fossil  than 
recent  forma      The  ectocysl  is  not,  as  has  often  been  supposed,  a 
calcareous  exudation  from  the  surface  of   the  animal,  but  is 
deposited  in  a  tegumentary  membrane,  forming  not  a  mere  cal--, 
ciireous  crust,  but  an  integral  portion  of  the  animal  itself,  which,  J 
like  the  cartilage  of  higher  animals,  hardens  by  the  deposition  of  I 
calcareous  matter,  but  still  is  the  seat  of  nutritive  movement. 

Milne-Kdwabd  has    made  a  number  of  experiments  on  tho J 
cell  walls    of    EsoHARiD.K,  and  the  results    are   here    giv 
translation.      In   the  Ann.   des   Sciences  Nat.    Zool.,    Vol.    I,,  ' 
pp.  25-31,  he  says:     "If    the  stony  cells    of    the  Escharidra  \ 
were  formed  by  tho  exudation  of   a  calcareous  matter  which  4 
molded  itself  on  the  surface  of  the  secreting  membrane,  it  is  \ 
evident  that  the  lirat  layer  thus  formed  must  be  the  external  j 
one,  and  that  the  addition  of  new  quantities  of  this  earthy  mat-  I 
ter  could  only  augment  the  thickness  of  the  parJetes  of  the  cell 
and  modify  the  difiposilion  of  its  interior  cavity,  witliuiit  :U  all 
changing  tho  cxtorior  eonliganition  of  the  lirst  loriiied  layer; 
for  here  the  solid  cell  coniplelely  envclojis  the  animal  and  is  not 
overlapped  by  iho  secreling  orgjin,  as  in  the  .Mollusca  ^Mstero|)')ila, 
whose  shell   changes  its  t'unn  with  age,  because  the  depusiL  of 
new  matter  taking  place  on  the  bor<ler  of  the  jiart  ;ilreiiiiy  (.on- 
solidatcd   continually  lengthens    it  and   is  molded  on    the  soft 
parts  whose  conliguralion  is  liable  to  change. 

"To  throw  some  liglit  on  the  mwlc  of  formation  and  on  lln^ 
nature  of  the  cells  of  the  Kschares,  it  becomes,  conscijuently, 
interesting  to  examine  these  cells  at  dilforent  ages  and  to  see  if 
their  exterior  form  changed  or  remained  ahviiys  the  s.inie.  This 
study,  indispensable  for  the  anatomical  ami  pbysioiogieal  history 
of  these  little  beings,  may  also  lead  to  a  kuowledge  useful  to 
zoology  ami  geology,  for  the  tleternii nation  of  the  species,  recent 
and  fossil,  rests  principally  on  the  characters  furnished  bj'  these 
cells.  And  we  are  still  ignorant  whether  or  not  they  can  be 
modiiied  in  the  progress  of  age. 
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^^  This  examination  can  be  made  more  easily  than  one  might  at 
first  imagine;  for  neither  the  observation  of  the  same  individual, 
at  different  stages  of  its  development,  nor  the  collection  of  a 
series  of  specimens  so  as  to  represent  all  the  phases  through 
which  these  little  creatures  pass  successively,  is  required. 
Indeed,  since  these  polyps  spring  from  each  other,  and  do  not 
separate  from  their  parents,  each  polypidom  must  present  a  long 
series  of  generations  enchained  to  each  other,  and  in  each  of 
these  scries  the  relative  age  of  living  individuals  must  be  indi- 
cated by  the  place  they  occupy.  To  resolve  the  question  which 
we  have  put,  it  is  sufficient,  therefore,  to  study  comparatively  the 
cells  situated  near  the  base  of  the  polypidom,  in  its  middle,  in  its 
young  branches,  and  toward  the  extremity  of  the  latter ;  for  we 
are  certain  that  it  is  not  only  in  this  last  place  that  living  polyps 
are  found,  as  some  authors  affirm,  but  that  they  exist  over  almost 
the  entire  extent  of  the  polypidom. 

"After  examining  in  this  manner,  with  a  sufficient  magnifying 
power,  the  cells  of  the  Eschura  cervicornis,  I  am  quite  convinced 
that  the  mode  of  development  of  these  stony  cells  is  not  that 
which  is  usually  admitted. 

"  Indeed,  I  have  seen  that  not  only  does  the  general  conforma- 
tion of  the  cells  change  with  age,  but  also  that  these  changes 
operate  in  a  great  measure  on  the  exterior  surface  —  that  is  to 
say,  on  that  side  of  their  parietes,  which,  in  the  hypothesis  of 
their  formation  by  layers,  must  exist  from  the  first,  and  once 
consolidated,  ought  to  change  no  more,  unless  from  exterior  and 
accidental  frictions. 

"In  the  young  cells  whose  partitions,  although  thin,  have 
already  acquired  a  stony  consistency,  the  exterior, surface  is  quite 
convex,  and  the  margin  of  their  apertures  just  out  so  they  are 
easily  distinguished  ;  but  by  the  progress  of  age  their  appear- 
ance changes ;  their  free  surface  rises  so  as  to  efface  the  deep 
depressions  which  marked  originally  their  respective  limits,  and 
to  raise  to  the  level  of  the  surface  the  border  of  the  openings. 
The  result  of  this  is  that  the  cells  cease  to  be  distinct,  or  even 
distinguishable  without,  and  that  the  polypidom  seems  to  be 
formed  of  a  stony  continuous  mass,  in  the  substance  of  which  are 
excavated  certain  holes  slightly  widened  interiorly,  and  disposed 
in  quincunx. 
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"  But  differences  of  this  nature  can  not  be  formed  by  the  sim- 
ple juxtajKraition  of  new  calcareous  layers  under  those  primi- 
tively formed,  for  the  soft  parts  of  the  animal  —  the  only  ones 
which  can  be  the  seat  of  a  secretion  of  this  calcareous  matter  — 
do  not  extend  over  the  surface  which  is  thus  modifled,  and  the 
position  of  the  cells  thus  immersed  in  the  apparently  common 
mass  of  the  polypidom  is  often  such  that  we  can  not  attribute 
their  change  of  form  to  any  o|>t>ralion  or  friction  of  foreign 
bodies, 

"It  appears  evident  to  us  that  these  facts  indicate  the  presence 
of  life  in  the  substance  which  composes  the  parietes  of  these 
cells  and  can  only  be  explained  by  the  existence  of  a  nutritive 
movement,  like  to  that  which  in  the  contiguration  of  bones  effects 
analogous  modifications. 

"  To  know  better  the  nature  of  these  cells,  I  submitted  to  the 
action  of  nitric  acid  diluted  with  water  a  part  of  a  polypidom 
recently  taken  from  the  sea.  A  brisk  effervescence  was  visible 
immediately,  and  iu  some  minutes  the  cells  became  flexible  and 
separated  from  one  another.  Before  treating  them  thus  no  dis- 
tinct membrane  was  seen  on  the  internal  wall  of  these  cells,  and 
when  the  nitric  acid  had  destroyed  all  the  calcareous  carbonate 
on  which  their  rii^idity  Hi>]ir!r<Ip(i  these  i^ame  parietes  still  existed 
and  Imd  not  chiinired  their  form  much,  only  they  were  foniK'<i 
now  of  a  soft  and  thick  memlirane  constituting  a  bag,  in  the 
interior  of  whicii  we  perceived  the  digestive  npp^iratus  of  tiie 
polype.  The  opening  of  this  bag  was  no  longer  ti'imciited.  as  it 
apjteared  when  the  texture  of  the  membrane  was  thickentjd  by 
the  stony  depoiiit  t'roTii  which  we  liad  just  freed  it,  hut  the 
membrane  was  continued  uninterruptedly  with  the  tenlacnlar 
sheath. 

"  We  see,  then,  that  in  the  Kschares,  the  cell  in  wliich  it  i.s  .said 
the  polyp  retires  as  into  a  shell,  is  a  comiionent  part  of  the 
animal  itself,  in  which  it  conceals  itself,  if  we  may  use  the  cnm- 
parison,  as  the  hedgehog  enters  into  the  thorny  skin  of  his  back. 
it  is  not  a  calcareous  crust  which  is  molded  on  the  surface  •A'  its 
body,  but  a  |>ortion  of  the  general  tegumental  membrane  of  the 
skin  of  the  polyp,  which  by  a  molecular  deposit  of  earthy  mat- 
ter in  the  meshes  of  its  tissue,  ossilies  as  the  cartilages  of  sujHTior 
animals  ossify,  without  ceasing  to  be  the  seat  of  a  nutritive 
movement. 
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"  We  see,  also,  that  that  which  is  considered  generally  as  being 
the  body  of  these  polyps,  constitute  in  reality  only  a  small  por- 
tion of  it,  and  consists  of  little  but  the  digestive,  and  probably 
breathing  organs,  of  these  little  animals. 

"  The  tegumental  bag,  freed  from  its  carbonate  of  lime,  seems 
to  me  formed  of  a  tomentose  membrane  covered,  particularly 
without,  with  a  multitude  of  cylindrical  filaments,  disposed  per- 
pendicularly to  the  surface,  and  pressed  clQse  to  one  another.  It 
is  in  the  space  left  between  these  fibers  that  the  calcareous  mat- 
ter appears  to  be  principally  deposited,  for  if  we  examine,  with 
the  microscope,  a  transverse  cut  of  the  polypidom  in  its  natural 
state,  we  distinguish  in  it  an  analogous  conformation,  the  exter- 
nal wall  of  the  cells  being  not  composed  of  layers,  but  rather  of 
cylinders  or  irregular  prisms  placed  perpendicularly  to  its 
surface. 

"  As  to  the  operculum,  which  serves  to  shut  the  entrance  of  the 
tegumental  cell  of  the  Eschar a^  when  the  animal  is  wholly  con- 
cealed in  it,  it  is  but  a  labial  fold  of  that  which  we  may  call  the 
skin  of  the  polyp,  and  of  which  the  projecting  margin  has 
acquired  a  horny  consistence,  whilst  that  portion,  continuous  with 
the  general  envelope  preserves  sufficient  softness  to  remain 
flexible,  and  to  obey  the  action  of  the  muscles  whose  tendons  are 
inserted  in  its  thickness. 

"  The  changes  which  we  have  indicated  above  in  the  jdxternal 
formation  of  the  cells  of  the  Eschares  are  not  the  only  ones 
effected  by  the  progress  of  age  in  the  stony  integuments  of  these 
zoophytes.  The  form  of  their  opening  is  modified  considerably, 
as  may  be  seen  by  the  figures  which  accompany  this  memoir ;  the 
sinus  or  emargination  situated  under  the  operculum  disappears  by 
degrees,  and  their  interior  cavity  becomes  filled  up  so  as  not  to 
occupy  more  than  about  the  quarter  of  their  original  diameter. 
This  thickening  changes  even  a  little  the  general  appearance  of 
the  polypidom  ;  for  as  it  is  more  considerable  in  the  cells  situated 
farthest  from  the  extremities  of  the  branches,  it  results  that 
these,  at  first  almost  flat,  become  more  and  more  cylindrical. 
Lastly,  it  is  not  without  surprise  that  we  have  seen  these  same 
cells  when  they  arrived  at  extreme  old  age,  lose  altogether  the 
opening  from  which  the  polyp  extended  its  tentacula.  In  fact 
the  margins  of  this  opening,  swelling  more  and  more  inwardly, 
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come  at  lait  to  touch  and  to  close,  so  that  no  trace  of  its  ezisteoce 
is  left;  but  the  cell,  now  a  shut  cavity,  still  exists  toward  the 
jixis  of  the  poljpidom. 

"Thus,  then,  the  last  external  mark  of  the  individual  existence 
of  these  collected  polyps  disappears  before  that  life  is  extinct  in 
the  interior,  and  the  moat  remarkable  character  of  the  poiypidom 
is  lost  without  hope  of  recovery, 

"  Reflecting  on  the  fact  we  have  just  noticed,  we  are  naturally 
led  to  ask  how  the  nourishment  necessary  for  the  support  of  the 
secretions  on  which  the  progress  of  consolidation  depends,  can 
continue  when  the  cell  containing  the  digestive  apparatus  of  the 
animal  is  shut  up  in  this  manner.  Is  it  from  its  neighbors  that 
it  receives  its  nutritive  matters,  or  can  it  continue  to  absorb  them 
directly  from  without  through  these  stony  integuments)  The 
nature  of  this  solid  shell  seems  at  first  sight  to  oppose  great 
obstaclea  to  this  imbibition,  particularly  to  that  which  would 
take  place  by  the  free  surface  of  the  poiypidom,  but  an  experi- 
ment which  is,  so  to  speak,  the  counterpart  of  that  which  has 
been  already  detailed,  shows  that  it  is  otherwise. 

''  On  boiling  a  fragment  of  the  solid  poiypidom  of  an  EsoniRi. 
in  a  solution  of  caustic  potash,  I  have  extracted  the  major  part 
of  the  substance  which  composes  the  organised  part  of  its  tissue, 
and  I  have  then  seen  that  the  a]iiiearance  of  tlie  poiypidom  in 
considerably  changed.  The  external  parietes  of  the  cells  lia<l 
become  of  an  almost  spongy  texture,  and  its  surface,  from 
being  simply  granular,  presented  a  great  number  of  very  distinct 
pores,  which  were  before  concealed  by  the  soft  parts  with  which 
they. were  lilleil. 

■'  We  may  understand,  then,  that  the  organized  tissue  of  the  ohi 
polyps  linding  itself  without  covering  in  dill'erent  points  of  the 
external  surface  of  the  cells,  the  absorption  may  continue  to  be 
etfected  directly  from  without,  although  the  opening  by  whicli 
the  nutritive  matters  penetrate  usually  into  the  dil^e:^tive  cavity 
is  obstructed  and  obliterated.''  (From  Johnston's  lli,-itory  ul' 
British  Zoophytes.) 

The  Ofkrcula. 

Nearly  all  the  forms  in  the  sub-order  Cheilostomata  are  sup- 
plied with  a  chitinous  organ  for  the  purpose  of  closing  the  mouth 
of  the  cell  when  the  animal  is  retracted.     In  the  fossil  Ovcl-^sto- 
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MATA  many  forms  possess  a  caloareous  plate  whose  parpose  was 
undoubtedly  the  same.  Fig.  2  Illustrates  several  variations  in 
this  organ  from  the  recent  cells. 


Fio.  2. 


In  the  recent  cells  the  opercula  are  sometimes  composed  of  a 
continuous  chitinous  substance,  but  generally  it  is  composed  of  a 
cfaitinous  frame  supporting  a  membrane;  in  addition  there  are 
sometimes  lateral  rods  and  occasionally  a  complicated  frame 
work.  Sometimes  the  chitinous  frame  is  continuous  all  around ; 
at  other  times  the  lower  border  is  membranous  and  is  continuous 
with  the  chitinous  ectocyst  of  the  cell.  In  other  forms  the  oper- 
cula are  calcified  and  are  preserved  in  many  fossil  forms,  as  in 
Fenestella,  Callopoba,  Fistulipoba,  etc.  Usually  the  opercula 
are  somewhat  convex,  and  concentrically  striated;  sometimes 
minutely  granulose ;  at  other  times,  as  in  CaUopora  elegcmivla^ 
small  ridges  radiate  from  the  central  portion  to  the  margin,  hav- 
ing a  resemblance  on  a  superficial  examination,  to  septa  or  project- 
ing spinules.  Sometimes  there  is  a  central  perforation,  at  other 
times  there  is  a  central  node  or  projection. 

The  mode  in  which  the  opercula  are  articulated  to  the  cell 
varies  considerably ;  when  the  cells  are  calcified  they  are  directly 
attached  to  the  sides  of  the  orifice,  usually  near  the  lower  border, 
sometimes  above.  The  articulation  is  effected  by  an  elastic 
fibrous  ligament,  which  is  generally  inserted  in  a  notch  on  each 
side  of  the  opercula,  but  sometimes  it  is  attached  to  projections 
which  correspond  to  notches  in  the  margin  of  the  cell. 

The  opening  and  closing  of  the  opercula  is  effected  by  two 
pairs  of  muscles,  the  occlusor  and  retractor,  which  are  variously 
inserted  in  the  different  forms  of  Bbyozoa. 

The  opercula  are  constant  in  fqrm  in  the  same  species,  as  are 
also  the  avicularia,  and  form  the  most  reliable  means  for  the 
identification  of  species  in  recent  forms.  Of  course  in  fossil 
forms,  where  the  opercula  are  seldom  preserved,  such  a  means  of 
identification  is  impossible. 


Kki'okt  o 

The  form  in  recent  species  varies,  but  they  are  all  more  or  less 
circular  or  semicircular  in  outline.  The  lower  border  is  straight, 
sinuate  or  concave,  forming  a  segment  of  a  smaller  circle  than 
the  upper  border,  or  produced  in  the  middle  into  a  peduncular 
process,  which  UHually,  but  not  always,  corresponds  to  a  notch  in 
the  margin  of  the  cell.  h 

AviODLiHIA   AHD    VlBSACDI^. 

The  chitinous  organs  called  avicularia  were  first  observed  by 
Ellis  in  a  species  to  which  he  gave  the  name  "  bird's  head  coralline," 
and  it  is  from  their  resemblance  to  the  beak  of  a  bird  that  they 
take  their  name.    They  are  supposed  to  be  modifications  of  the 


cell  proper.  There  are  three  distinct  forms,  the  simplest  of 
whicli  is  in  the  rudimentary  form  of  a  dwarfed  cell,  with  an 
enlarged  operculum,  called  the  mandible  (tigs.  ■':  4,  5).  and  is 
known  as  the  immersed  form.  The  sessile  forms  (figs.  '■',  7,  "^t, 
are  those  which  are  situated  on  the  cell  walls  and  have  :i  small 
chamber  and  mandible.  The  pedunculate  forms,  whicli  are  situ- 
ated at  the  extremity  of  a  movable  stalk,  which  is  frcijuontly 
jointed,  and  which  is  in  almost  incessant  moli<in  (figs,  ti"  and  ?). 
These  avicularia  have  a  very  close  resemblance  to  a  liird's  heatl. 
All  the  forms  may  be  said  to  consist  of  three  parts,  the  chamber, 
the  beak  and  the  mandible.  In  the  chamber  are  occlusor  an<l 
retractiir  muscles,  by  means  of  which  the  mandilile  keeps  up  a 
constant  flapping  motion.  The  dilferent  parts  and  the  muscles 
are  illustrated  in  Hgs.  9,  10,  enlargements  of  sessile  avicularia. 
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In  the  Report  on  the  Bryozoa  of  the  Challenger  expedition, 
Bjss  arranges  the  avicularia  as  follows: 
As  to  form : 

a.  Pedunculate  and  usually  articulate. 

b.  Sessile. 

c.  Immersed. 
As  to  function : 

a.  Prehensile  —  when  the  mandible,  beak  and  muscles  are 
adapted  for  prehensile  purposes. 

}.  Retentive  —  when  the  mandible  is  thin,  membranous, 
and  adapted  to  serve  merely  as  a  lid  for  the  cup  or  receptacle. 
As  to  position : 

a.  Vicarious  —  when  they  represent  or  replace  an  ordinary 
zooecium. 

b.  Adventitious  —  when  either  attached  to  some  point  or 
other  of  the  zooeoium  or  interspersed  among  the  zocecia. 

The  mandibles  exhibit  a  great  variety  of  form,  some  of  which 
are  shown  in  figure  13.    The  prehensile  fonns  are  semicircular, 
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triangular,  elongate  or  sword  shaped.  Thej'  are  formed  of  a 
strong  ohitinous  frame  and  base,  by  the  extremities  of  which  the 
mandible  is  articulated  to  the  cup.  The  space  between  the  frame 
is  occupied  by  a  membrane,  nearly  always  with  a  foramen,  above 
which  the  occlusor  muscles  are  inserted.  These  are  usually  two 
in  nnmber.  The  form  of  the  retentive  mandible  is  usually  semi- 
circular  or  spatulate.  They  are  generally  simple,  but  sometimes 
bifid  or  trifid.  They  are  without  the  continuous  chitinous  frames 
of  the  prehensile  mandibles,  and  consist  of  a  membrane  sup- 
ported only  by  the  base,  or  by  a  frame  at  the  sides  extending 
only  a  short  distance  from  the  base;  the'^foramen  is  generally 
absent,  and  the  occlusor  muscles  are  much  weaker  than  in 
the  other  variety.  The  purpose  of  the  avicularia  is  not 
known.  By  some  it  is  thought  that  they  procure  food, 
and  it  is  a  favorite  mode  of  illustration  to  picture  an  avicu- 
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larinm  with  a  captive  worm,  looger  than  the  polyp  cell ;  of • 
course  the  avicularia  can  not  coDvey  food  to  the  moath,  and  the 
animal  is  incapable  of  swallowing  any  but  the  most  minate 
particles.  Any  capture  by  an  avicularium  is  clearly  accidental, 
caused  by  the  mandible  shutting  as  the  particle  floated  beneath 
it,  and  the  constant  flapping  of  the  mandible  would  tend  to 
create  a  current  away  from  it.  According  to  other  authors  its 
functions  are  purely  defensive.  "They  may  either  arrest  or 
scare  away  unwelcome  visitors.  Their  vigorous  movement  and 
the  snapping  of  their  formidable  jaws  may  have  a  wholesome  or 
deterrent  effect  on  loa&ng  annelids  or  other  vagrants,  while  the 
occasional  capture  of  one  of  them  may  help  still  further  to  pro- 
tect the  colony  from  dangerous  intrusion."  (Hinokb.)  But  the 
avicularia  occur  only  on  the  Cheilostomata,  and  as  other  forms 
are  without  them,  it  shows  that  they  are  unnecessary  as  weapons 
of  defense. 


The  vibracula  consist  of  long  slender  setsB  or  bristles  thickened 
near  the  base  (figs.  6'"  and  8,  v).  They  are  divided  by  BoeK  into 
two  kinds,  as  follows : 


4H  BKi-mtT  or  tke  Siati  GtmstrnFT. 

■  Simple  —  ooiuisting  of  a  basal  cap  iritboat  a  beak,  to  which 
tbe  Oa^llaiD  or  leta  is  articulated,  osnallf  bv  a  doable  joint, 
admitting  of  motion  in  ooljr  one  plane. 

Compoaod  —  ra  which  the  »ela  is  oontinooos  with  or  artica- 
lat«ct  to  a  basal  maodible,  and  the  cop  or  receptacle  has  a  more 
or  leas  distinct  beak. 

Thenaeof  Uwm appends^ is  not  Icnovrn.  BcHXsa,rs:  "These 
whip-iike  appendages  serre  as  defensiTe  and  cleansing  organs,  and 
may  be  obserred  in  almost  coostaot  motion,  sweeping  slowlv  and 
eorefally  over  the  sarfoce  of  the  colony  and  removing  whatever 
might  be  detrimental,"  bat  as  is  the  case  with  avicularia,  only  a 
portion  of  the  Bbtok-^a  are  famished  with  these  appendages. 
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sary  that  some  species  need  a  double  means  of  defense,  while 
other  species  equally  fragile  are  destitute  of  any. 

The  compound  forms  of  vibracula  may  develop  into  an  aviou- 
laria,  according  to  Hikcks  who,  in  The  Annals  and  Magazine  of 
Natural  History,  1»-81,  cites  the  case  of  the  nearly  ubiquitous 
species  Micropordla  ciliata.  Fig.  13,  o,  h,  c,  d,  shows  the  transi- 
tion from  avicularia  to  vibracula;  a  shows  a  cell  with  a  sessile 
avicularium  of  the  ordinary  type ;  in  b  the  mandible  is  prolonged 
into  a  slender  spine,  in  other  respects  resembling  a;  in  c  the  man- 
dible has  entirely  lost  its  lid-like  character,  and  is  prolonged  into 
a  long,  slender  process,  tapering  to  a  point,  and  analogous  to  a 
vibraculum.  The  beak  has  also  undergone  a  slight  modification) 
recalling  the  vibracular  cell  which  supports  the  movable  seta. 
In  d  another  modification  is  seen;  the  mandible  is  prolonged  into 
a  narrow  spine,  and  on  each  side  of  it  there  is  a  membranous 
expansion,  forming  a  ilappcr. 


In  the  fossil  state  the  obverse  or  noncelluliferous  face  of  Fenes- 
telloid  forms  is  apparently  a  solid  calcareous  layer ;  but  in  a  thin 
transparent  section  it  is  seen  to  be  penetrated  by  numerous 
minute  tubuH  at  right  angles  to  the  surface.  In  a  decorticated 
specimen  of  the  same  family,  the  longitudinal  structure  is  appar- 
ently composed  of  numerous  cylindrical  fibers.  In  a  cross-section 
these  have  the  appearance  of  tubuli.  Many  of  the  cells,  both  in 
55 
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a  recent  and  fossil  state,  are  ornamented  with  ridges,  granules, 
nodes  or  spines;  the  latter  frequently  hollow.  In  the  course  of 
growth,  as  illustrated  by  fig.  14,  as  layer  after  layer  is  add^ 


these  hollow  nodes,  as  seen  in  a  transparent  section,  assume  tbe 
appearance  of  tubuli.  These  have  been  likened  by  some  authors 
to  the  "Acanthopores ''  of  the  Moktiodlipcirid.e;  but  I  think  that 
in  most  cases  too  much  importance  has  been  given  to  them,  and 
that  in  reality  they  are  only  ornamentations.  The  deposit  of  cal- 
careous matter  continues  aFlcr  the  ;inimals  in  the  iiumeiliate 
vicinity  are  dead,  and  all  ornanientutions  of  tin.-  surface  are 
oI>literated,  it  presontinj,^  a  uniformly  smooth  a|>poarance.  The 
difference  in  ainiearance  between  the  youn_i,'ec  and  more  fif^od 
]>oi'tions  of  a  Fenestclloid  frond,  and  this  applies  to  otlior  forms 
also,  is  often  sogi'eal  that  seen  in  ililFen.'nt  frat;Tnen(s  tin'V  \vniil<l 
be  considered  as  liclon/^ing  to  tu-.i  s})ecies.  In  tin.'  uimcellnlifer- 
ons  face  of  some  IV'nestelloid  forms  there  are  frt'i|ucn(,  small, 
circular  pr^res  with  raised  inarfj;ins  or  peristomes,  and  in  sime 
forms,  as  FiisNcsTiiAiMRA  and  Isoiuvi'a,  there  aro  nmro  cons)'icu- 
cus  apertures,  freijuenlly  lar^^er  than  the  <'ell  apertures.  In 
Fknhstkapoka  the  ridi^c  (carina)  dividinj^  the  two  rani^es  of  colls 
is  also  poriferous.  The  purpose  i)f  these  pores  have  not  been  sat- 
isfactorily accounted  for. 

It  has  been  suggested  by  i'rof.  Nicholson  that  the  hirirer  jiores 
may  have  been  the  bases  of  avicularia  ;  if  that  explanation 
should    be  accepted   the  smaller  pores  might   be   considered    as 
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bases  of  vibracula  or  of  the  smaller  avicularia.    In  support  of 
his  theory  Prof.  Nicholsoh  gives  the  following  figures :    • 

b 


'rw»>  eribriformla,  from  Ihs  DeionUn  rook*  of  Cuadn. 
HlmllkF  tnbn  (atUr  KiCHOUOii). 

The  following  discussion  is  from  Hikckb'  "  British  Marine  Poly- 
zoa,  Vol.  I.    Introduction,  pp.  Isir-lzzxiii,  inc.,  1880." 

"  MoDIFIOATIONS   OF  THE    Zo<EOIAL    TyPS. 

"  The  structural  type  of  which  the  zocceium  is  the  most  famil- 
iar representative,  exhibits  a  number  of  modifications  amongst 
the  marine  Phlyz  )a.  Of  these  the  most  remarkable  are  the 
avicularimti  and  vihraculum.  These  curious  appendages  are 
confined  to  a  single  suborder,  the  Chkilostomata,  within  the 
limits  of  which  they  occur  in  great  abundance  and  variety.  The 
vibraculum  (probably  a  derivative  from  the  avtoularium)  is 
rarely  m?t  with  as  compared  with  the  latter,  which  is  present  in 
a  large  proportion  of  the  Cheilostomatous  genera.  The  avicu- 
larium  is  best  known  in  its  most  highly  specialized  form  as  it 
occurs  in  the  genera  Brdm.A  and  Bioellabia. 

"  This  is  the  true  '  bird's  head,'  an  articulated  appendage  at- 
tached to  the  zoa'cium,  with  a  formidable  hooked  beak  and  a 
mandible  worked  by  powerful  muscles,  perpetually  snapping  its 
jaws  with  a  monotonous  energy,  and  swaying  to  and  fro  with  a 
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vigorous  swing  on  its  jointed  base,  grotesque  both  in  form  and 
movement. 

"  But  in  a  large  proportion  of  cases  the  appendage  exhibits  a 
much  simpler  structure,  and  is  totally  destitute  of  the  peculiar 
shape  which  has  suggested  its  name.  It  is  necessary  to  study  its 
morphology  m  exUnso  to  obtain  a  ciue  to  its  history  ;  the  articu- 
lated 'bird's  head'  bears  no  resemblance  to  its  associated  struc- 
tures which  yet  are  undoubtedly  of  its  kin  ;  it  has  assumed  an 
alien  form  and  has  parted  with  all  the  familiar  features  of  its 
tribe ;  its  aspect  and  habits  are  those  of  a  foreigner,  and  aa  we 
watch  it  even  with  its  geneaJogy  in  our  hands,  we  cease  to  won- 
der that  it  remained  so  long  a  mystery  and  a  puzzle  to  the  zoolo- 
gist. When  we  come  to  consider  the  avicularium,  not  merely  in 
its  mors  complex  and  highly  organized  condition,  but  in  its 
totality,  as  it  is  represented  in  a  long  series  of  gradationaJ  forms, 
we  are  left  in  no  doubt  as  to  its  structural  affinities.  We  can 
trace  the  couree  of  its  development  from  the  first  rudimentary 
stages,  which  are  hardly  distinguishable  from  the  ordinary  zo- 
cecium,  through  a  multitude  of  phases,  up  to  the  highly  elaborated 
prehensile  appendage  in  which  no  family  likeness  survives.  And 
probably  tbe  best  way  of  presenting  its  history  will  be  to  begin 
with  the  lowest  form  in  which  it  occurs,  and  to  follow  it  through 
its  cliief  modilications  up  to  the  highest. 

•'  it  will  he  desirable,  however,  first  toindicatt;  iheessoJUial  ele- 
ments of  its  structure;  anil  in  doing  so,  it  will  be  iioct'ssary  to 
avoid  the  descriptive  terms  wliich  raij;;bt  naturally  bo  suggested 
by  the  organization  and  apparent  function  of  the  true  '  bird's 
head.'  The  latter  would  be  a  gras]>ing  organ,  but  in  a  large 
proportion  of  the  lower  forms  there  is  nothing  which  can  pro|i- 
erly  be  called  a  '  lieak,'  wliilst  the  cipiivalent  for  the  maiuliblo  is 
utterly  inellicient  for  prehensile  iiurposes.  Every  avicularium 
consists  of  a  chamber,  of  variable  size  and  shape,  in  wliich  is. 
bulged  an  a|)paratus  of  muscles;  of  a  movable  horny  a|)|)en(iage, 
which  is  moved  backward  and  forward  by  the  action  of  tbe 
muscles,  and  of  a  fixed  frame  opjrosed  to  it.  surrounding  an  aper- 
ture upon  which  it  falls  when  closed.  In  many  cases,  if  not  in 
all,  the  chamber  also  contains  a  cellular  body,  which  \^  in  all 
probability  the  liomologue  of  a  polypide. 
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"  These  elements  may  compose  a  structure  very  closely  resem- 
bling an  ordinary  zooecium ;  or  they  may  be  so  modified  as  to 
constitute  an  articulate  and  prehensile  appendage,  armed  with 
curved  beak  and  powerful  jaws,  and  provided  with  a  delicate 
tactile  organ  such  as  tve  find  in  the  genus  Buqula.  In  all  cases 
the  avicularium  is  to  be  regarded  morphologically  as  a  metamor- 
phosed zooecium,  though  in  its  more  complex  form  there  is  little 
to  betray  its  lineage. 

"AmoDgst  our  British  Polyzoa  we  find  this  zooidal  form  in  its 
most  rudimentary  condition  in  such  genera  as  Flustra.  and  Cel- 
LA^iA.  Here  it  is  not  a  specialized  structure  attached  to  one  of 
the  zooecia ;  it  occupies  the  place  of  one  of  them  in  the  colony. 
It  consists  of  a  dwarfed  cell,  on  the  upper  surface  of  which  is 
placed  the  usual  oral  valve,  but  which  is  destitute  of  a  polypide ; 
at  the  same  time  the  valve  is  frequently  of  unusual  and  dispro- 
portionate size,  and  occupies  a  large  part  of  the  area  of  the  cell. 
Except  in  size,  however,  it  has  undergone  but  little  change,  al- 
though a  certain  variation  of  form  already  indicates  its  plas- 
ticity. In  one  species  {Cellaria  sinuosa)  it  assumes  a  triangular 
shape;  in  the  common  CJistulosa  it  is  almost  indistinguishable 
from  the  ordinary  operculum.  The  degree  in  which  the  avicu- 
larian  chamber  (or  cell)  is  reduced  in  size  varies  greatly  amongst 
these  primitive  apd  rudimentary  forms.  In  Cellaria  Joltnaoni  it 
is  a  miniature  copy  of  the  normal  zooecium,  almost  its  only  pe- 
culiarity beiag  the  elevation  and  somewhat  increased  size  of  the 
operculum.  In  other  cases  the  atrophy  of  the  cell  is  carried  to  a 
great  extent  and  the  operculum  occupies  almost  the  whole  of  the 
area. 

"As  specialization  proceeds,  the  chamber  is  minimized  and  the 
adaptive  modification  of  the  valve  becomes  more  and  more  varied 
and  elaborate.  In  the  mandible  of  the  '  bird's  head '  appendages 
it  reaches  its  climax,  whilst  in  this  form  the  zooeoium  itself  has 
lost  every  trace  of  its  original  character  and  function,  and  merely 
lodges  the  machinery  by  which  the  curious  prehensile  instrument 
is  worked. 

"  Nowhere,  perhaps,  is  the  relation  of  the  avicularium  to  the 
normal  zooecium  more  clearly  traceable  than  in  a  foreign  species 
of  Mkmukanipora  (as  yet  I  believe  undescribed),  in  which  a  very 
striking  modification   of  the  operculum  is  combined   with  the 


ItEPORT  OF  THE  StaTE  GeOLOGIBI. 

tligbtMt  change  in  the  zooeciam  itself.  In  this  species  a  Qumber 
of  uxccia  ftre  scattered  over  the  coioDy,  vrhich,  whilst  reuuning 
in  ^[reat  measare  the  usoal  form,  are  distinguishable  by  a  re- 
markable elongation  of  the  oral  ralre. 

"This  stmclnre,  which  is  normally  semicircolar  in  shape,  is 
bere  mach  prcxluced  and  somewhat  elevated  above,  and  stands 
out  conspicuously  on  the  surface  of  the  zoarium.  It  is  fully  four 
timee  the  size  of  the  ordinary  operculum,  and  of  course  increases 
very  materially  the  length  of  the  whole  zooe-cium,  which,  in  other 
respects,  depart*  very  slightly  from  the  normal  condition.  The 
aperture  in  somewhat  reduced  and  the  spines  are  aborted,  but  in 
general,  these  abnormal  cells  very  closely  resemble  the  other 
members  of  the  colony.  The  polypide  in  such  cases  is  probably 
suppressed.  We  have  here,  it  would  seem,  one  of  the  earliest 
and  simplest  departures  from  the  normal  type  of  the  zocecium  in 
the  direction  of  the  avicularium.  In  Fldsiba  the  change  is 
much  more  marked,  us  the  cell  is  merely  rudimentary  and  the 
movable  operculum  constitutes  the  essential  feature.  These 
slightly  specialized  forms,  which  fill  the  place  of  the  zorecium  in 
the  colony,  may  be  distinguished  && primary  avicularia. 

'*Thoy  occur  under  various  modifications.  In  Scf'holhfr't  ij^xa 
tin;  jiviciilariuni  has  un  area  of  tlie  same  si/.e  anil  farm  as  that  of 
lli(!  /ou'cia,  the  beak  and  mandible  occupyinj^  mui'h  the  same  po- 
sition as  tlie  oral  openinf^.  Nowhere  i.s  its  morphulogical  sijjnili- 
canci;  more  apparent.  A  striking  case  of  the  same  kinil  is  ]>re- 
M'nted  hy  V'-H'irin  teDuiro^lri-i.  In  .'^'•■/ihf'j">rc/iii  rc/mst'f,  on  the 
other  hand,  the  area  (which  re}>lace.s  a  cell)  is  I'cdiiced  to  a  very 
(liminiitive  si^e  and  lias  a  minute  rounded  nianiUble.  The  next 
iiiarlicd  stage  in  the  <lovclopmcntal  series  is  characterized  by  tlio 
I'Dntraclion  of  the  area  combined  witli  the  assiiniptinn  of  a  niorL' 
or  less  peduncular  character  by  tiic  hollow  portion  of  tlie  struc- 
lure.  Tlie  external  resemblance  to  the  ordinary  /  o*cia  has  dis- 
ajipeared  ;  the  cell  is  commonly  represented  by  a  siihconicat  ele- 
vation, on  the  summit  of  which  are  placed  tlie  heal;  and  man- 
dible. At  the  same  time  the  avicularium  is  now,  for  the  most 
pari,  a  secondary  growth  and  is  developed  not  on  the  original 
plane  of  the  colony,  but  on  the  /oa'cia  themselves.  There  has 
been  a  large  reduction  in  the  size  of  the  chamber,  no  longer  re- 
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quired  for  the  accommodation  of  the  polypide,  and  a  growing 
specialization  of  the  mandible  and  its  adjuncts.  To  a  great  ex- 
tent the  avicularium  has  lost  its  apparent  stattis  as  a  distinct 
zooid  in  the  colony,  and  become  an  appendage  of  the  zooecium. 
The  bosses  or  mounds,  so  often  forming  part  of  it  and  supporting 
the  mandibular  apparatus,  are  to  be  regarded  as  the  homologue 
of  the  chamber  in  the  normal  zooecium.  Such  forms  as  I  have 
now  described,  and  others  allied  to  them,  may  be  classed  as  sec- 
ondary or  transitional  avicularia.  We  must  not  suppose,  how- 
ever, that  they  constitute  a  clearly  defined  section ;  they  are  con- 
nected at  all  points  by  intermediate  forms  with  the  primary 
group.  Nor  are  these  divisions  coincident  with  any  particular 
genera  or  families;  the  various  modifications  of  the  avicularia 
are  distributed  sporadically  over  the  whole  suborder,  with  the 
exception  of  the  highest,  which  occur  only  in  very  narrow  and 
definite  limits. 

"  The  raised  or  pedunculate  character  commonly  assumed  by 
the  hollow  portion  of  the  avicularium  in  this  division  becomes 
very  pronounced  in  certaiu  cases.  The  beak  and  mandible  are 
elevated  on  a  distinct  stem,  and  (we  may  suppose)  obtain  in  this 
way  peculiar  advantages  for  the  discharge  of  their  function, 
whatever  it  may  be.  In  such  forms  we  recognize  an  advance 
toward  the  peduncle  of  the  true  '  bird's  head.'  A  nearer  approach 
to  it  is  met  with  in  the  remarkable  pedunculate  avicularia  which 
03cur  in  one  or  two  species  of  Mbmbbanipoea.  The  want  of 
mobility  is  perhaps  the  most  essential  distinction  between  this 
form  and  the  avicularium  of  Buguua;  the  beak  and  mandible 
are  less  highly  organized  than  in  the  latter,  but  the  general  char- 
acter is  the  same  in  both,  and  very  slight  changes  would  serve 
to  convert  the  one  into  the  other. 

"  In  Scbdpooellaeia  the  avicularium  is  attached  to  the  side  of 
the  zooecium  by  its  entire  length,  but  it  is  truly  pedunculate,  and 
if  attached  only  by  the  base,  would  bear  a  close  general  resem- 
blance to  the  Bugulan  form. 

"  The  mandible  is  curved  in  toward  the  extremity,  and  the 
beak  is  somewhat  hooked,  so  that  the  appendage  has  considerable 
prehensile  power.  The  chamber  is  not  more  than  sufficient  for 
the  lodgment  of  the  muscular  fascicles.  A  still  nearer  approach 
to  the  higher  avicularium  occurs  in  the  remarkable  form  de- 
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scribed  by  Sktit  under  the  name  of  Memhranipora  mtnaat. 
Here  we  have  the  perfect  form  of  the  'bird's  head'  (acuriousantioi- 
pation  of  the  organ  as  it  exiels  in  Bupda  Murryanu),  but  there 
is  no  basal  joint  and  the  whole  struclare  is  calcareous.  A  con- 
nection is  very  clearly  established  between  the  simply  mammillated 
avicnlarium  and  the  articulated  through  such  forms  as  we  have 
in  the  true  Memhranipora  inina-f,  in  Scrupocd/aria  ferox  and  ia 
the  present  species. 

"In  NuTAUiA  we  have  probably  the  fixed  form,  which  cornea, 
on  the  wholi,  nearest  to  the  movable  'bird's  head,'  and  consti- 
tutes the  most  direct  link  between  the  twoclassesof  avicularium. 
Here  the  hollow  portion  (or  chamber)  is  borne  on  a  slender  stem 
of  considerable  length,  from  which  it  is  separated  by  a  partition ; 
it  expands  from  the  base  upwards,  and  on  the  upper  surface  is 
placed  the  curved  beak  ('like  that  of  a  cuttle  fish '),  occupyinjf 
about  two-thirds  of  its  length,  at  the  base  of  which  the  mandible 
takes  its  origin.  The  latter  is  much  curved  and  terminates  above 
it  in  a  sharp  point.  The  upper  edge  of  the  chamber  below  the 
mandible  surrounds  a  semicircular  space,  closed  in  by  a  mem- 
brane, which  probably  represents  the  aperture  of  the  normal 
zooacium.  Two  new  features  (both  of  them  presentin  the  'bird'g 
head")  make  their  appearance  in  this  form  The  beak  and  tiie 
portion  of  the  chamber  from  which  it  arises  are  both  of  a  iiorny 
material :  in  the  lower  form  they  are  calcareous.  Between  the 
mandible  and  the  beak,  when  the  former  is  elevated,  a  tuft  of 
minute  setiv,  pliiceil  on  a  slight  rising,  is  visible,  which  consti- 
tutes a  tactile  organ,  and  conveys  tiie  external  stimuli  whicli 
brings  the  muscles  into  play.  It  is  possible  that  this  structure 
may  exist  in  species  in  which  it  has  not  yet  been  nbserved,  but 
so  far,  I  believe,  it  has  only  been  noticed  among  the  higher 
forms,  which  I  shall  call  liie  ai-licubih;!  <iiHriihtrui,-Ani\  jii  jS.i- 
TAMiA.  In  all  but  the  lixed  condition  Xotamia  agrees  with  the 
articulated  group.  It  may,  I  think,  be  concluded  that  it  is  the 
concomitant  of  tlie  more  highly  specialixeii  form. 

"  I  may  add  that  the  avicularia  in  the  Notamia  have  xnry 
much  the  shape  and  general  appearance  of  /.ou'cia  reduced  in 
si/e,  and  are  placed,  like  the  latter,  in  opposite  pairs.  We  pass 
now  to  the  articulated  forms  in  which  the  /ou-cial  type  is  com- 
pletely masked,  its  elements  being   so  modified  as  to  constitute 
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an  elaborate  prehensile  appendage,  charged  with  a  special  ser- 
vice in  the  interests  of  the  colony. 

"In  the  articulated  avicularium,  the  *  bird's  head'  is  supported 
on  a  short  peduncle  with  a  basal  joint,  on  which  it  sways  to  and 
fro.  The  head  is  composed  of  two  portions,  a  lower  which  is 
more  or  less  rounded  above,  and  forms  the  chambers  for  the 
muscles  (=  the  cavity  of  the  zooecium),  and  an  upper  and  anterior, 
which  consists  of  a  movable  mandible  and  a  curved  beak  opposed 
to  it.  This  anterior  portion  is  composed  of  horny  material, 
whilst  the  chamber  itself  is  calcareous.  The  walls  of  the  pro- 
jecting upper  jaw,  which  terminates  in  the  hooked  beak,  inclose 
an  aperture,  over  which  stretches  a  delicate  membrane,  pierced 
by  a  small  circular  orifice.  This  aperture  represents  the  mouth 
of  the  zooecium,  the  mandible  taking  the  place  of  the  operculum. 
Within  the  chamber  occurs  a  small  circular  body,  composed  of 
distinct  cells,  which  is  connected  {in  JBugidaJla^ellata)  with. di.  cup- 
shaped  organ,  opening  out  through  the  membrane  of  the  aper- 
ture. From  the  bottom  of  the  cup  rise  a  number  of  setae,  which 
project  beyond  the  opening  and  constitute  the  tactile  organ  be- 
fore referred  to.  The  cellular  body,  in  connection  with  the 
setiferous  cup  has  been  regarded  as  a  nervous  ganglion  (B  sk, 
Smitt)  ;  the  two  together  constitute,  according  to  Nitsche,  the 
horaologue  of  the  polypide,  which  is  here  reduced,  in  conformity 
with  the  altered  significance  of  the  whole  structure,  into  a  mere 
organ  of  touch.  There  can  be  but  little  doubt,  I  think,  but  that 
the  latter  is  the  true  view ;  at  the  same  time  it  must  be  regarded 
as  probable  that  the  rudimentary  polypide  is  furnished  with 
its  nerve  center,  by  which  the  powerful  muscular  apparatus 
and  the  sensitive  organ  may  be  supplied.  Whether  the  cellular 
body  constitutes  the  ganglion,  we  are  not  at  present  in  a  posi- 
tion to  decide.  The  articulated  avicularia  are  always  attached 
to  the  wall  of  the  cell,  and  usually  at  a  short  distance  from  the 
orifice ;  they  are  confined  apparently  to  a  small  number  of 
genera.  Some  further  evidence  of  the  morphological  nature  of 
these  curious  appendages  may  bo  briefly  noticed.  (I.)  In  some 
cases  I  have  met  with  ovicells  developed  over  the  upper  extrem- 
ity of  the  avicularian  beak  and  mandible,  clearly  indicating  their 
morphological  relation  to  the  orifice  of  the  zooecium.  On  more 
than  one  occasion  this  lusus  has  occurred  to  me  in  Schizotheca 
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I.  (11.)  The  resemblance  iti  minute  detail  between  the  avi- 
cularian  cell  and  the  species  to  which  it  belongs,  which  are  not 
unfreqoently  met  with,  have  a  like  significance.  Thus,  to  take  a 
single  illustration,  in  one  species  a  minute  sinus  occurs  on  the 
lower  margin  of  the  avicularian  mouth,  corresponding  with  a 
similar  sinus  in  the  orifice  of  the  zotucium.  Instances  of  the 
same  kind  might  be  multiplied.  The  function  of  the  avicularia 
is  difficult  to  determine;  nor  indeed  can  the  same  function  be 
assigned  to  all  of  them.  The  primary  forms  are  many  of  thera 
quite  unfit  for  prehensile  work.  The  lid-like  mandible,  with 
plain  rounded  margin,  has  no  power  of  grasping  and  could  not 
detain  for  a  second  the  active  worms  which  are  sometimes  cap- 
tared  by  the  articulated  kinds.  Their  service  for  the  colony 
must  lie  in  some  other  direction.  Even  the  fixed  transitional 
fonns,  in  which  the  beak  and  curved  mandible  are  present,  must 
be  inefficient  for  this  work  from  their  want  of  mobility,  whilst  in 
many  of  them  the  parts  concerned  in  the  act  of  prehension  are 
but  slightly  developed.  The  articulated  avicularia  are,  however, 
undoubtedly  grasping  organs,  and  the  cresence  of  the  tactile 
tuft  between  the  jaws  must  be  taken  to  indicate  that  capture  in 
some  form  or  other  is  their  function.  They  have  been  seen  to 
arrest  minute  worms  and  hold  thorn  for  a  considerable  time  with 
11  teniiciuiis  grip  as  if  witli  some  ultci'ior  (ibjoct,  but  what  the 
object  may  Iw,  it  is  dillicult  to  decide.  Dr.  .Iohnston  suggt-stcd 
that  they  may  assist  in  ])roviding  supplies  of  food,  sei^^ing 'cir- 
cumlhieut  animalcules,'  iin<l  retaining  them  until,  enfeebled  or 
killed  by  the  grasp,  the  ciliary  currents  may  bear  them  to  the 
mouth.  But  the  avicularium  is  not  Jitted  to  capture  the  ex- 
tremely minute  organisms  in  which  the  polypides  feed  ;  and  oven 
if  they  could  be  captured  and  rendered  helpless,  there  would  be 
many  chances,  placed  as  the  appendages  usually  are,  against 
their  coming  within  the  attraction  of  the  ciliary  vortex.  The 
worms,  which  seem  to  be  the  commonest  victims,  coiiM  only  be 
utili/ed  as  food  by  being  retained  until  decomposition  having  set 
in,  the  particles  of  decayed  matter  might  diil'use  themselves 
tlimiigh  the  surrounding  water  and  find  their  way,  in  a  greater 
or  less  degree,  to  the  stomach  of  the  polypides.  Mut  the  sup- 
plies of  nutriment  in  the  waters  of  the  ocean  must  be  am])le  and 
unfailing,  and  no  better  provision  for  appropriating  lliem  than 
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the  ciliary  whirlpool  can  well  be  imagined.  IJnleaB  we  can  sap- 
pose  that  a  peculiar  diet  is  necessary  for  the  spedes  furnished 
with  the  prehensile  appendage,  it  is  hardly  probable  that  the 
ordinary  arrangements  would  haVe  to  be  supplemented  by  the 
service  of  such  uncertain  purveyors.  And  should  they  be  feed- 
ers on  dead  organisms  only  (as  has  been  suggested),  they  would 
certainly  lead  a  precarious  existence  if  dependent  on  the  chance 
supplies  of  the  avicularian  commissariat.  The  appendages,  it 
must  be  remembered,  have  no  freedom  of  movement;  they  do 
not  go  in  quest  of  prey ;  they  merely  oscillate^  without  variation, 
to  and  fro,  snapping  their  jaws  at  haphazard,  or  when  aroused 
by  somei  irritation  of  the  tactile  set».  Their  captures  must  be 
fitful  and  uncertain,  and  if  the  food  requires  long  keeping  to  be 
fit  for  use  (and  under  the  conditions' this  seems  to  be  a  necessary 
supposition),  the  colony  must  be  in  a  chronic  condition  of  famine. 
If  living  animals  be  the  required  diet,  then  the  cilia  are  adequate 
to  the  supply  of  them,  and  the  avicularia  are  not. 

^*  On  the  whole  (though  the  question  is  involved  in  much  ob- 
scurity), I  am  inclined  to  regard  the  avicularia  as  charged  with 
a^defensive  rather  than  an  alimentary  function.  They  may 
either  arrest  or  scare  away  unwelcome  visitors.  Their  vigorous 
movements  and  the  snapping  of  their  formidable  jaws  may  have 
a  wholesome  deterrent  effect  on  loafing  annelids  and  other  va- 
grants, whilst  the  occasional  capture  of  one  of  them  may  help 
still  further  to  protect  the  colony  from  dangerous  intrusion.  On 
this  view  of  them,  they  have  a  function  analogous  to  that  of  the 
other  appendage  with  which  the  Cheilostomata  are  furnished. 
The  vibracvZum^  though  morphologically  rel&ted  to  the  zocecium 
like  the  avicularium,  is  more  immediately  connected  with  the 
latter ;  and  we  find  a  line  of  transition  forms  linking  the  two  to- 
gether. It  consists,  in  its  more  perfect  condition,  of  a  chamber, 
in  which  the  muscles  are  lodged,  and  a  movable  bristle,  sus- 
pended in  a  kind  of  cleft  at  its  upper  extremity,  in  which  it 
works  backward  and  forward.  The  seta  (or  bristle)  is  broad  at 
the  base  and  above  it  slender,  and  often  of  considerable  length. 
In  some  cases  it  attains  an  enormous  development,  and  forms 
either  a  whip-like  appendage  or  an  organ  of  such  a  size  and 
strength  as  to  be  available  for  locomotive  purposes.  On  the 
lower  part  of  the  wall  of  the  chamber  there  is  always  a  small 
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opening,  marking  the  point  from  which  a  long  tubular  appeoda^ 
(or  rftdioal  fiber)  originates. 

"The  vibraculum,  as  already  mentioned,  is  of  comparative] 
rare  occurrence.  In  its  most  highly  specialized  forms  it  is  place 
on  the  dorsal  surface  of  the  zouicium,  and  the  movable  sei 
(which,  when  at  rest,  is  laid  back  upon  the  chamber)  is  swun 
around  at  intervals  to  the  front  of  the  cell,  sweeping  slowly  <iV€ 
the  surface  aa  if  to  remove  all  no:xiou6  matter,  and  then  returi 
to  its  original  position.  This  movement  goes  on  uninterrupted! 
during  the  lifetime  of  the  colony,  and  there  can  be  no  doat 
that  \ts  object  is  to  scare  away  dangerous  intruders  or  accumuli 
tions  of  refuse  from  the  neighborhood  of  the  orifice.  We  hav 
no  difficulty  in  recogniiiing  the  equivalent  of  the  avicularia 
mandible  and  the  operculum  of  the  cell  jn  the  aeiie.  The  mout 
is  here  modided  in  the  same  sense  as  the  rest  of  the  structare 
the  raised  '  beak'  is  absent,  being  no  longer  useful,  but  the  mai 
gin  is  carried  out  above  into  two  prominent  points,  just  withi 
which  the  bristle  is  articulated,  clear  of  all  hiadrances,  and  so  a 
to  possess  the  utmost  freedom  of  movement. 

"  The  homology  of  the  parts  becomes  more  evident  when  w 
study  the  transitional  forms.  We  meet  with  a  developments 
stiigc  (corrOi^ponding  to  tht^  j  trim  a  i\i/  ai'icidaruna')  in  which  th 
vibraculum  is  devclo]>ed  on  the  original  plane  of  the  colony  am 
oi-cupies  the  position  of  an  ordinary  cell ;  in  some  species  th 
vilii-ac-iilar  cells  alternate  regularly  with  the  /,  ircia.  Jn  sue! 
cases  the  movetuenls  of  the  seta'  areof  necessity  uinch  restrictfd 
anil  the  appendage  is  rather  the  seivant  of  tiie  colony  than  o 
the  individual  polypide. 

"  The  direct  links  bet^veen  the  vibraculum  ami  aviciihirinm  nv 
found  in  those  forms  of  the  latter  in  which  tlic  iinindihle  is  pn; 
loni'cd  and  attenuated,  whilst  the  beak  is  almost  ruiliinentarv 
Indeiul,  it  is  diliicult  to  draw  the  line  between  Ibcni.  unless  w 
ref^ard  the  total  absence  of  a  distinct  beak  as  an  essi-ntial  chanK 
teristic  of  the  vibraculum.  We  have  a  case  of  the  slight  exteti 
siiin  and  attenuation  of  the  mandible  in  &-/ii.:iijior'//'i  fj'hiit'' ra 
in  it}itiihi-an'tjn>f<t  i-.U'udu  tlie  cliange  is  occasionally  carried  stil 
further,  but  there  is  a  great  variability,  and  tlic  uiandililo  is  wo\ 
of  the  oniiiKiry  form  and  now  prolonged  into  a  vibracular  pn 
cess.     In  ^i-hizoporelhi  vidijarh  the  mandible  is  niotauiorpliosci 
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into  a  seta,  but  the  beak  survives  and  the  movement  is  prob- 
ably nothing  more  than  the  rising  and  falling  as  of  a  lid.  In 
Maatigophora  Hyndmanni^  the  mouth  is  so  modified  as  to  give 
much  more  play  to  the  seta,  which  is  thrown  backward  and  for- 
ward with  perfect  freedom,  and  has  much  the  appearance  of  a 
lash.  In  this  species  the  vibraculum  is  borne  on  a  distinct  cell, 
resembling  the  zooecium  (on  which  it  is  developed),  except  in 
size.  In  yet  another  case  the  vibracular  cells  are  still  further 
reduced,  and  one  is  placed  on  each  side  of  the  orifice  of  the 
zooecium.  When  we  come  to  the  higher  forms,  we  meet  with 
cases  in  which  the  seta  resumes  the  dimensions  of  the  mandible, 
and  loses  its  free  and  vigorous  swing.  The  most  elaborate  form 
of  this  appendage  is  found  in  the  genus  Cabeeba.  There  the 
chamber  is  large  and  traversed  on  the  upper  side  by  a  channel 
or  groove,  in  which  the  seta  lies  when  at  rest.  The  latter  is  of 
great  length  and  serrated  or  toothed  along  the  edge.  In  this 
genus  the  entire  dorsal  surface  of  the  branch  is  covered  by  the 
vibracula,  and  the  movements  of  the  setsB  are  synchronous ;  they 
act  together  with  perfect  regularity,  the  whole  company  on  a 
branch  swinging  to  and  fro  at  the  same  moment,  and  as  if  under 
a  common  impulse.  We  can  hardly  doubt  but  there  must  be 
some  intercommunication  between  the  nerve  centers  of  the  indi- 
vidual vibracula,  on  which  these  combined  movements  depend, 
but  so  far  the  synclironism  has  attracted  very  little  attention, 
and  we  have  no  observations  that  throw  any  further  light  upon 
it.  The  setae  attain  their  highest  development  in  the  family  of 
the  Selenariidji:,  Busk ;  here  they  are  of  enormous  size  and  of 
great  strength  and  assume,  in  some  species  at  least,  a  locomotive 
function,  acting  probably  as  oars,  and  propelling  the  colony, 
which  is  free  in  the  adult  state.  In  the  history  of  these  appen- 
dages we  have  a  curious  illustration  of  the  variety  of  function 
that  may  connect  itself  with  the  same  morphological  element." 

The  Animal. 

In  the  GiMciOL j:\rATA  the  principal  species  studied  have  been 
the  marine  form,  Bowerbankia  densa^  and  the  fresh-water  form 
Paludicella  Ehrenheryi,  These  two  forms,  though  differing  some 
in  detail,  are  of  essentially  the  same  structure. 

For  the  Ilippocrepian  forms  Alcyonella  fungom  furnished  the 
principal  material. 


Repobt  of  the  State  Geologist, 


tents;  the  inner  layer  thus'_being  the  representative  of  the  liver 
The  median  layer  is  composed  of  hexagon&l  cells,  with  a  briUianl 
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nucleus  {fi;^.  1?, '').  The  outer  hiyer  consists  of  a  very  thin  mem- 
brane with  a  cellular  structure.  It  covers  the  whole  of  the 
alimentary  canal,  and  by  the  apjilication  of  acetic  acid  it  may  be 
frequently  separated  from  the  median  layer.  Delicate  circular 
striie  may  be  observed  in  this  iayer,  in  some  species  very  dis- 
tinctly. They  are,  in  all  probability,  muscles.  These  muscles 
have  not  been  observed  in  this  layer  of  tlic  intestine,  but  }iroba- 
bly  do  occur  there.  In  the  (L'sophagus  there  are  only  two  layers 
(lig.  1!),  c,  (/),  corresponding  to  the  median  and  external  layer  of 
the  stomach,  the  inner  layer  of  the  stomach  having  entirely  dis- 
a])peared  and  the  extei'nal  layer  being  much  thickened.  The 
mouth  and  u]i]iei'  portion  of  the  (rsophajrus  are  tliickly  covered 
with  vihi'atile  cilia  :  apparently  disappearing  in  the  lower  portion. 
The  structure  of  the  intestine  is  very  similar  to  that  of  the 
<L'sophagus,  with  the  exception  that  the  cilia  are  entirely  wanting. 
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I 'In  the  Hippoorepian  forms  there  are  no  cilia  except  at  the 
moath  and  npper  part  of  the  stomach,  but  in  'PALumawLU.  and  in 
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the  marine  forms  there  are  long  vibratile  cilia  near  the  pylori* 
orifice  of  the  stomach. 

The  tesopbagus  and  stomach  are  very  irritable,  and  the 
stomach  ia  in  constant  motion  whenever  the  animal  is  Bixserted. 
When  food  is  received  the  contraction  of  the  stomach  is  verj'  de- 
cided ;  the  food  remaining  in  the  stomach  a  very  short  time, 
then  descending  with  great  rapidity.  In  the  gizzard  of  marine 
forms  they  are  subjected  to  a  sort  of  crushing  (process,  the  two 
dark  bodies  previously  spoken  of,  being  brought  in  apposition 
(fig.  16,  b).  After  remaining  in  the  gizzard  a  very  short  time,  the 
food  passes  into  the  stomach,  where  it  is  rolled  about  in  a  peris- 
taltic motion,  being  frequently  regurgitated  into  the  gizzard.  In 
the  upper  portion  of  the  stomach,  near  the  pyloric  orifice,  the 
food  assumes  a  rotary  motion  from  the  action  of  the  vibratile 
cilia.  In  some  species  with  very  clear  walls  the  motion  of  the 
cilia  can  be  very  jilainly  seen  by  microscopic  observations.  The 
alimentary  matter  passes  from  the  stomach  by  the  pyloric  orifice, 
and  in  the  large  portion  of  the  intestine,  near  this  orifice,  it  is 
formed  into  little  pellets  of  excrementious  matter,  which,  by  the 
contractions  of  the  walls  of  the  intestine,  is  carried  to  the  anus, 
and  passing  out  is  carried  away  by  the  current  caused  by  the 
action  of  the  cilia  of  the  tentacles. 


Tkntacles. 
The  tentacular  crown  of  the  Bhtozoa  consists  of  two  portions, 
a  disc  surrounding  the  mouth,  the  lo]ihophore,  and  the  tentacles 
which  arc  borne  upon  the  margin  of  this  disc. 
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In  the  Hippoorepian  fomu,  one  aide  of  the  loj^ophore,  Uiat 
on  whioh  the  anas  ia  situated,  is  prolonged  in  two  triangular 
arms.  The  tentacles  are  arranged  oontinnonsly  on  the  onter  and 
inner  margins,  making  a  doable  row  (fig.  38),  in  the  form  of  a 
horseshoe,  a  fact  from  whtoh  the  name  Hippoorepian  is  given  to 
this  class  of  Bryozoa.  This  condition  is  not  fonnd  in  any  marine 
form. 

The  Hippoorepian  forms  have  also  another  organ  which  is 
alnent  in  those  genera  in  which  the  lophophore  forms  a  oontinn- 
.ons  drole.  This  is  a  hollow  valve-Uke  organ  oontinaona  with  one 
■ids  of  the  lophophore,  and  is  known  as  the  epistome.  The  in^ 
terior  oommnnioates  with  the  pengastrio  ipaoe  by  an  opening  in 
the  lophophore  (fig.  32,  k).  The  walls  which  are  tamed  towiard 
the  month  are  thick  and  are  covered  with  a  vibratile  oilia ;  the 
others  are  membranooa  and  transparent. 


puU^llr  nbaoMd,  In  Iha  oOat 
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When  the  animal  la  protruded,  this  organ  is  in  constant  mo- 
tion, elevated  and  depressed.  The  elevation  is  effected  by  the 
action  of  a  muscle  (fif^.  22,  Q,  to  be  hereafter  described ;  while  the 
depression  is  probably  effected  by  the  antagonistic  elasticity  of 
the  organ  itself,  though  it  may  be  effected  by  the  action  of  a 
muscle  not  yet  observed. 

Notwithstanding  this  organ  has  been  studied  by  many  observ- 
ers, its  purpose  has  not  yet  been  ascertained. 
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The  fresh-water  form,  Palddioklla,  and  all  marine  forms  have 
the  lophopbore  oircolar  and  the  tentacles  arranged  in  a  single 
row  on  its  outer  border,  having,  when  expanded,  somewhat  the 
form  of  an  inverted  cone.  The  tentacles  are  cylindrical,  with  a 
blunted  extremity.  They  are  hollow  and  are  composed  of  two 
layers  (fig.  23) ;  the  outer  layer  being  composed  of  comparatively 
large  spherical  cells,  frequently  with  a  briUiant  nucleus,  and  the 
inner  layer  of  a  very  thin  transparent  membrane,  without  any 
trace  of  a  cellular  structure. 

The  exterior  of  the  tentacles  has  two  rows  of  vibratile  cilia, 
situated  on  opposite  sides,  one  row  ribrating  toward  the  extremity 
and  the  other  toward  the  base. 

The  tentacles  are  hollow  and  communicate  with  the  perigastric 
cavity  through  the  lophophore.  In  all  the  Hippocrepian  forms  the 
tentacles  are  surrounded,  on  their  lower  portion,  by  an  exceed- 
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ingly  thin  transpareat  membrane,  a  prolongatioo  of  the  outer 
margin  of  the  lophophore,  fig.  22,  h,  which  is  known  as  the  calyx. 
The  calyx  never  exists  in  forms  destitute  of  an  eplstome. 

PSBIOASTBIO    SpAOB. 

The  perigastric  space  is  filled  with  a  colorless  fiaid,  which  prob- 
ably fulfils  the  triple  purpose  of  circulation,  nutrition  and  respira- 
tion ;  the  last-named  office  probably  in  conjunction  with  the  ten- 
tacles, but  there  is  no  absolute  certainty  on  this  point.  The  fluid  is 
colorless  and  the  circulation,  which  undoubtedly  takes  place,  is  de- 
tected only  through  the  medium  of  certain  small  particles,  heldin 
suspension  in  the  Auid ;  but  these  particles  are  not  necessary  for 


the  performance  of  the  functions  of  tho  fluid,  because  they  are  fre- 
quently absent,  and  Mr.  Hanoook  thinks  that  when  they  are 
present,  it  is  from  some  rupture  of  the  walls.  Dr.  Fabre  has 
described  and  figured  parasites  occurring  in  this  fluid,  but  judg- 
ing from  his  figure,  he  mistook  the  spermatozoa  for  parasites, 
and  he  describes  them  as  moving  with  a  slow,  undulating  motion, 
which  is  characteristic  of  the  spermatozoa. 

Allhah  is  of  the  opinion  that  the  perigastric  fluid  is  chiefly 
aqueous  and  supplied  from  without  In  that  case  there  must  exist 
pores  through  the  ectocyst  capable  of  being  opened  and  closed 
at  the  will  of  the  animal  or  the  water  must  exude  through  the 
alimentary  canal.  What  the  other  constituents  of  this  fluid  may 
be  has  not  yet  been  ascertained.  Allsan  says  :  "That  the  fluid 
thus  contained  in  the  perigastric  space  and  thence  admitted  into 
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second  and  third  sets  of  muscles,  called  by  Fabee  the  oper- 
cular muscles,  by  Easoook  the  tube  retractors,  and  by  Allmam 
the  antero-parietal  vaginal  muscles.  They  have  their  origin 
near  the  top  part  of  the  ectocysl,  and  are  inserted  in  the 
flexible  part  of  the  invag'inated  tunic  (endocyst)  on  which  they 
act.  They  consist  of  four  flat  bundles  of  stout  linear  Gbers 
(Plate  A,  i).  The  fibers  of  the  muscle  are  inserted  one  after 
another  in  a  straight  line,  commencing  near  the  point  of  invagi- 
nation, and  extending  some  distance  down  the  invaginated  tunic. 
The  arragement  of  the  fascicles  causes  the  margins  of  the  orifice 
to  fold  in  four  portions  in  the  retraction  of  its  tube.  The  end  is 
consecjuently  scjuare,  the  angles  corresponding  to  the  insertion  of 
the  muscles.  The  third  set  of  muscles,  the  superior  tube  retractors, 
consist  of  only  four  fibers.  They  have  their  origin  below  the  other 
tube  retractors,  and  are  inserted  in  the  tegumental  tunic  above 
them.  The  action  of  this  set  of  muscles  completes  the  action  of  the 
second  set.  In  the  marine  forms  as  represented  by  Boiperhanl-ia 
denaa,  the  muscles  are  the  same,  except  that  they  hare  a  tri- 
radiate  arrangement,  and  the  orifice  is  puckered  into  three  folds 
instead  of  four. 

The  fourth  set  of  muscles  is  for  the  purpose  of  closing  the 
orifice  and  was  discovered  by  Mr.  Hancock,  They  consist  of 
two  sets  i)f  muscles  passing  around  the  invaginated  tunic.  One 
set  is  made  up  of  several  fibers  passing  around  thcv  tunic  at  the 
insL'rtion  of  the  inferior  tube  retractors  ami  is  of  considerable 
widtli;  the  otlior  consists  of  only  two  or  tJiree  fibers  and  ]iasses 
around  the  tube  at  the  interior  of  the  superior  tul)e  retrautors. 
This  action  is  to  close  tlio  orifice  on  tlie  retraction  of  the  animal, 
and  also  to  oppose  the  tube  retractors,  which  would  liave  a 
tendency,  by  tbeir  divergence,  to  keep  the  orifice  opi-ri.  Tbuse 
muscles  exist  both  in  fresli-water  and  marine  forms. 

The  fifth  set  of  muscles  is  connected  with  the  yndoeyst  and  is 
called  th(!  parietal  muscles.  Tbey  are  numerous  and  strong  (Plate 
A,  in).  Their  extremities  are  probably  attached  to  the  cclncyst. 
They  run  transversely,  each  muscle  embracing  a  fourt.li  nva  third 
of  the  cell,  and  consist  of  three  or  four  fibers  each.  Tlioir  pur- 
pose is  the  contraction  of  the  endocyst,  assisting  in  the  jiropulsion 
of  the  animal. 

The  sixth  set  (the  posterior  parietal  muscles)  is  for  the  purpose 
of  preventing  the  entire  invagination  of  the  tunic  and  tentacles. 
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It  consists  of  foar  thin  fascioali  (Plate  A,  A).  They  have  their 
origin  in  the  tonio  (eadooyst)  near  the  top  of  the  cell,  two  in  the 
front  and  two  in  the  back,  and  are  inserted  in  the  opposite  sar- 
face  of  the  tentacalar  sheath. 

In  the  Hippoorepian  forms  the  mnsoles  differ  somewhat  from 
those  just  described,  principally  owing  to  the  difference  in  the 
Btmcture  of  the  tentacular  crown. 

The  presence  of  the  epistome  necessitates  another  muscle  for 
its  movements.  It  arises  from  the  tentacalar  disc,  within  the 
cavity  of  the  epistome,  and  passing  obliqaely  across  the  cavity  is 
inserted  on  the  inner  sorface  of  the  oval  wallj^of  the  epistome 
(fig.  28, 1).  Its  action  is  to  elevate  the  epistome,  raising  it  from 
the  month. 


The  rotary  muscles  of  the  crown  consist  of  two  fosoicl^  which 
take  their  origin  at  the  same  place  as  the  retractor  moscle  of  the 
animal,  and  passing  upward  with  that  musclej'iiQtil^within  some 
6S 
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When  we  compare  the  muscular  system  of  the  fresh-waf 
and  marine  forma  we  find  a  great  similarity  in  them,  but  aJ 
gome  modifioatiuns.  In  all  forms  the  endocj-at  continues  bejoi 
the  ectocyst  and  is  continuoug  with  the  margin  of  the  lopb 
phoro.  In  the  marine  forms,  when  the  animal  is  exgerted,  tJ 
endocyst  or  tunic  is,  of  course,  carried  with  the  lophophore.  ai 
not  being  held  by  any  muscles  is  continuous  in  essentially 
straight  line  with  that  portion  of  the  endocyst  lining  the  oe 
When  the  anima!  is  retracted  the  endocyst  is  invaginated,  tl 
evagination  and  invagination  being  complete;  the  evaginatit 
being  effected  in  the  same  manner  as  if  the  finger  of  a  glo' 
was  pulled  in  from  its  inner  extremity,  the  invagiiiated  portic 
forming  the  tentacular  sheath. 

In  the  fresh-water  forms  the  evagination  and  invagination 
incomplete,  a  portion  of  the  endocyst  being  permanently  i 
vaginated. 

Though  the  evagination  in  pALtroioKLL*.  is  not  complete,  yet 
in  common  with  the  marine  forms,  is  without  the  small  radia 
ing  muscles  near  the  orifice  and  the  larger  radiating  muscl 
whioh  are  connected  with  the  tentacular  sheath  (fig.  19,  o,  i 
The  po'yp  retractor  muscles  are  c's.senti:illy  tin-  s^uiio  in  :ill  fin-!i 
of  I'ryo/oji.  Tlie  sphincter  muscles  ;iru  iircsunt  in  I'af  itjikki.i 
and  the  marine  forms.  The  pavii'tiU  inusclfs  are  the  s:iiih'  in  ii 
forms,  and  tlie  tube  retractors  are  essentially  the  same.  Taixi 
OKI. LA  is  vor\'  closely  related  to  the  marine  forms  ovcii  in  its  iii 
nute  structure. 

The  protrusion  of  the  animal  from  its  cell  takes  place  a.s  fi: 
lows:  The  principal  agency  to  which  we  mii.st  assign  the  pi-' 
trusion  of  the  animal  is  nudoiibtcdiy  the  cuntractifm  of  the  emi' 
cyst  by  the  parietal  muscles  and  the  conscijiient  pressure  of  tl 
jicrigaatric  fluid  upon  the  l)ody  of  the  animal,  niukiiiL'  it  ueee 
sary  for  it  to  move  in  the  direction  of  the  least  resistance,  iiaiuel 
the  orifice  of  the  cell. 

Kari:k,  in  his  admirable  paper  on  Bon;  rhaxl-i'i  ■!<),■•.",  st;U( 
that  the  principal  cause  of  the  protrusiim  o[  tlie  animal 
the  pressure  of  the  ]>erigastric  ihiid,  ami  that  the  slraiyhtenin 
of  the  (i'si)phagns  raises  the  tentacular  crown  a  certain  dislanc' 
which  it  undonbtedly  does,  as  the  icsophagiis  has  the  puwcr  t 
straighten  itself  without  the  action  of  the  fluid. 
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As  the  parietal  muscles  contract,  the  endocyst  leaves  the 
ectocyst,  especially  in  the  lower  part  of  the  cell,  and  the  animal 
begins,  on  account  of  the  consequent  compression  of  the  perigas- 
tric fluid,  to  move  up  the  cell.  The  sphincter  muscles  relaxing 
affords  to  the  tentacles  an  easy  passage  through  the  inverted 
endocyst.  The  tube  retractors  relaxing  the  inverted  lips  of  the 
orifice  begin  to  evolve.  As  the  contraction  of  the  parietal 
muscles  continues,  the  protrusion  goes  on  until  it  is  complete- 
In  the  marine  forms  the  whole  of  the  invaginated  endocyst  is 
protruded  ;  in  the  fresh-water  forms  with  the  single  exception  of 
Paludioella,  nearly  all  that  portion  of  the  endocyst  continuing 
beyond  the  ectocyst  is  permanently  invaginated,  its  evagination 
being  stopped  by  the  radial  muscles  (fig.  18,  o  and  fig.  24,  o.) 

In  Paludioella  there  is  a  more  complicated  process.  The  re- 
laxation of  the  tube  retractors  permits  the  endocyst  to  be  evagi- 
nated,  but  only  for  a  short  distance,  the  posterior  fibers  of  these 
muscles  soon  checking  its  further  progress,  and  keeping  a  small 
portion  of  the  endocyst  permanently  invaginated.  The  second 
portion  of  the  endocyst,  which  when  invaginated  constitutes  the 
tentacular  sheath,  continues  to  be  evolved  by  the  relaxation  of  the 
posterior  parietal  vaginal  muscles,  but  the  relaxation  soon  ceasing 
the  complete  protrusion  is  prevented.  Thus  we  have  two  small, 
permanent  invaginations  after  the  eversion  is  completed  as 
shown  in  Plate  A,  fig.  1,  one  within  the  other,  forming  the  mem- 
branous cup  at  the  mouth  of  the  cell.  The  retraction  can  be 
much  more  easily  understood.  The  parietal  muscles  relax ;  the 
polyp  retractor  contracts,  pulling  the  animal  in  the  cell.  The 
superior  tube  retractors  first,  and  then  the  inferior  contract,  and 
when  the  animal  is  withdrawn  entirely  within  the  cell,  the  action 
of  the  sphincter  muscles  closes  the  orifice.  When  an  operculum 
exists  this  is  closed  by  the  action  of  the  muscles  previously 
described. 

The  Nebvous  System. 

The  nervous  system  consists  of  a  single  ganglion  attached  to 
the  external  surface  of  the  oesophagus  (fig.  1,  j^,  and  fig.  22,/*), 
with  its  filaments. 

In  the  Ilippocrepian  forms  filaments  have  been  distinctly 
traced  by  Allman  running  to  the  tentacular  crown.  The 
ganglion  gives  off  a  rather  thick  cord,  immediately  running  into 
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the  lopbopbore  ffig.  S3,  y).  It  gires  fortli  a  band  wbich 
alo&g  the  root  of  tbe  lupbopbore  toward  the  back  (6g.  'ii,  A\  giv- 
ing off  ft  branch  to  each  tentacle,  continuing  on  the  amu  to  the 
eztreatity,  giving  off  bmncbes  to  each  tentacle  on  tbe  oater 
margin  of  tbe  arms;  tnrning  at  the  extremity  in  its  baclcwvil 
cooive  it  gives  off  branches  to  each  tentacle  on  the  inner  side  of 
the  arms.  The  ganglion  also  seodi  (ortJi  a  filament  n-hich  imme- 
diately enters  the  aubatance  of  the  CB0O[^iagas,  probably  supply- 
iog  tbe  moath,  epiatome  and  oesophagus,  bat  it  has  been  tn 
(or  cnly  » ibort  dtstance. 

IlKPBODDcnTB   ObOASB. 

The  orary  and  testes  occnr  in  the  same  cell.  In  certain  sea- 
sons of  tbe  year  tbe  ovary  may  be  seen  attacbed  by  a  short 
pednncle  to  the  endocyst  a  short  distance  below  the  month  of 
the  cell  (Plate  A,  flgs.  1,  2,  p).  It  b  a  rotmded  mass  composed 
of  ova  in  various  stages  of  growth.  Tbe  testes  are  situated  on 
the  funicnltu,  below  the  fundus  of  the  stomach  (Plate  A,  «),  and 
are  developed  in  the  form  of  an  irregolar  mass.  It  is  formed  of 
spherical  cells,  each  of  which  contains  a  second  cell,  which  devel- 
ops into  a  spcrmatozoidal  filament,  escaping  by  tbe  mptnre  of 
tbe  cell.  They  have  a  distinct  but  somewhat  sluggish,  andulat- 
inp  movpment.  Thpv  nre  carrie'l  about  the  perigastric  space  by 
tliu  (Mirri.'nt  and  tliU3  como  in  contact  witli  tlio  ova.  Tliey  were 
<jbsi)rvt;(i  in  lx:i7  by  l)v.  Farkk,  but  were  mi.sUiken  for  iiarasites. 

There  uro  llirce  ini^tliods  of  reproduction,  lirsL  Ijy  the  true  ova, 
d(;vt;lo[)ini,^  into  a  free  c-iliutud  embryo;  secondly,  by  gcmmatior* 
and  Uiirdly,  in  the  Ili|j|)ocrepiao  forms  by  statobliists,  the 
nature  of  which  will  be  li<!reafter  described. 

Till!  process  of  gemmation  may  be  observed  with  comparative 
ease  in  pAi.uinrKi.LA,  and  is  illustrated  by  ii<;ure  Uii.  In  the 
<!arlirst  HtJij,'<'s  in  which  the  '■  bud  has  been  noticed,  it  consists  of 
a  slight  Uibercli!  on  tho  parent  cell,  «,  tilleil  with  parenchyma. 
It  soon  becomes  elongated  and  has  a  cavity  communicating;  with 
the  [larent  ccdl,  /i.  In  r  it  has  increased  in  si/e  and  consists  of  an 
external  envelope  continuous  with  tlie  ectocyst  of  the  i>aretit 
cell,  and  a  llilek  lining:;  continuous  with  the  endocyst  and  con- 
laiiiint,'  numerous  round,  nucleated  cells.  Tlicse  two  features 
develo|i  into  the  ectocyst  and  endcicyst  of  the  adult  coll.     In  if 
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we  observe  a  thick  portion  of  the  endocyst  projecting  into  the 
cavity.    This  is  the  rudiment  of  the  fatnre  polyp.    Within  this 
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when  viewed  from  the  front,  may  be  seen  an  oval  ring,  which 
develops  ioto  the  lophophore,  e.    This  ring  is  at  firat  a  mere 
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fleshy  fold,  but  soon  develops  on  its  inner  side  a  series  of  small 
tubercles,  which  become  the  tentacles,  f.  At  this  stage  the 
lophophore  is  bilateral,  being  prolonged  to  that  aide  where  the 
rectum  is  to  make  its  appearance.  The  space  between  the  rudi- 
mentary tentacles  is  prolonged  downward,  being  the  first  trace 


of  the  body  of  the  polyp,  y.  The  embryo  is  now  suspended  in 
a  membranous  sac  from  the  walls  of  the  cell.  A  few  minute 
ftbers  can  be  observed,  which  develop  into  the  polyp  retractors. 
In  A,  the  tentacles  are  much  more  developed ;  the  body  of  the 
polyp  is   prolonged   downward,  and  we  are  able  to  trace  the 


positions  occupied  by  the  ccsophagus,  stomach  and  intestine.     The 
tube  retractors  can  now  bo  observed  as  a  few  indistinct  fibers. 
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In  t,  the  lophophore  has  lost  its  crescentic  shape  and  become 
orbicular ;  the  different  portions  of  the  animal  are  well  defined. 
Hitherto  there  has  been  no  external  opening  in  the  cell,  and  the 
nourishment  has  been  effected  from  the  parent  cell ;  but  now  an 
opening  occurs  at  the  extremity  of  the  young  cell ;  the  different 
organs  rapidly  become  perfected,  and  the  polyp  is  capable  of 
obtaining  nourishment  from  without. 

Fig.  29  represents  the  development  of  a  free  embryo  of  Alcy- 
ondlafungosa;  a  represents  the  free  spermatozoa  greatly  enlarged; 
h  a  group  of  ova ;  c  a  single  ovum  much  more  enlarged.  In  d  the 
ovum  has  undergone  segmentation  and  a  central  cavity  has 
begun  to  show  itself.  Fig.  e  represents  the  ovum  developed  into 
an  oval  ciliated. sac  destitute  of  an  external  opening.  In/* the 
embryo  presents  an  orifice,  through  which  an  unciliated  portion 
is  protruded  by  a  process  of  evagination;  in  this  protruded  portion 
a  polyp  is  developed.  Fig.  g  shows  the  polyp  isolated  from 
the  cell,  and  further  enlarged ;  the  lophophore  is  yet  destitute 
of  tentacles.  Fig.  h  shows  the  polyp  more  advanced ;  a  few  of 
the  tentacles  have  begun  to  develop  on  the  lophophore.  Fig.  i 
shows  an  embryo  containing  two  polypes ;  fig.  k  the  same  more 
advanced,  the  polyps  having  acquired  nearly  their  perfect 
development.  Fig.  I  shows  a  more  advanced  stage.  The  first 
invagination  has  become  obliterated ;  the  cilia  have  disappeared 
from  the  surface,  and  the  young  Bryozoan  has  acquired  its  ecto- 
cystal  investment.  A  new  bud  is  seen  at  each  side  within  its 
cell,  near  its  anterior  extremity. 

For  the  knowledge  of  the  development  of  Phdlangella  flaheL- 
laria^  a  gymnolaematous  bryozoan  of  the  sub-order  Cyolostomata, 
I  am  indebted  to  Jdles  Barbois'  "  Embryologies  de  Bryozoaires," 
from  which  work  I  have  copied  the  figures  on  Plates  C,  D  and 
E.  The  first  stage  recognized  is  that  of  a  morula  already  well 
formed  and  composed  of  numerous,  comparatively  large,  vitelline 
spheres  (Plate  C,  dg.  3).  The  niorula  does  not  yet  show  any  trace 
of  a  central  cavity,  and  is  very  easily  seen  to  be  composed  of  a 
great  number  of  the  round  cells  represented  in  figs.  1,  2. 

In  the  following  stage  the  morula  is  slightly  enlarged,  and  the 
vitelline  spheres  are  segmented  into  more  and  more  numerous 
elements. 

59 
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A  little  later  (lig.  4)  a  central  cavity  is  scon,  iinil  tin;  vitelline 
spheres  are  arranged  in  a  radiating  manner  iirouinl  the  center. 
Figure  5  shows  the  progressive  thickening  of  tlie  e^^;^  witli  an 
enlurjreraent  of  its  central  cavity  ;  the  embryo  lie^oiiiinjr  eliin- 
gated  and  of  oval  form.  Figure  C  shows  the  blastnhi  st;ii,'f  well 
formed.  The  central  cavity  is  more  spacious  and  tiie  cflls  more 
clearly  radiatingly  dis[>osed.  The  gastrula  sta;;e  shows  the 
invagination  of   the   gastrula   which    here    follows    tlie   lyrical 
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method ;  that  is,  there  is  at  first  a  sinking  in  of  a  part  of  the 
blastula  inside  the  other  part,  afterward  the  bringing  together  of 
the  margins  of  the  depressions  thus  formed.  Figures  1-7  represent 
the  first  stage ;  figs.  8,  9,  10,  Plate  C,  the  second.  The  sinking  in 
of  one-half  the  blastula  into  the  other  part  is  not  effected  rapidly, 
as  frequently  happens,  reducing  at  once  the  cavity  of  the  body 
to  a  simple  slit,  but  is  effected,  on  the  contrary,  in  a  very  slow 
manner.  It  is  during  this  slow  process  of  invagination  that  the 
egg  assumes  an  elongate  form,  as  shown  in  fig.  7.  It  is  toward 
the  end  of  the  process  of  invagination  that  the  elongate  form  is 
most  decided.  Afterward,  by  degrees,  the  egg  recovers  its  round 
form.  Figure  9,  which  is  an  exterior  view  of  the  stage  represented 
in  section  by  fig.  8,  shows  the  form  already  less  elongated.  Figure 
10  shows  a  complete  return  to  the  round  form.  Figures  8, 9  show 
the* archigastrula  already  well  formed;  nevertheless  it  is  not  until 
the  following  stage,  fig.  10,  that  the  form  is  completed.  We 
have  not  only  the  constriction  of  the  opening  of  the  invagi- 
nation which  forms  the  mouth  of  the  gastrula  and  the  constriction 
of  the  cavity  of  the  body  to  a  simple  slit,  but  there  are  other 
changes  of  great  importance.  The  surface  begins  to  have  a 
general  covering  of  fine  vibratile  cilia,  and  the  embryo  is  swollen 
a  littl6  forward  of  the  middle,  so  as  to  present  at  this  portion  a 
line  (c)  of  the  greatest  width  ;  this  line  separating  the  primitive 
uniform  exodermic  sac  into  two  faces,  the  portion  above  the  line 
being  the  oral  face,  and  the  portion  below,  the  aboral  face. 
The  stage  illustrated  by  fig.  11  shows  another  change  equally 
equally  important;  the  ciliary  covering  hitherto  disseminated 
over  all  the  surface  begins  to  be  concentrated  on  the  oral  face, 
the  aboral  face  being  without  it.  At  the  same  time  at  the 
point  of  greatest  width  the  exoderm  begins  to  separate  from  the 
internal  layer,  which  it  has  heretofore  carpeted,  in  such  a  man- 
ner as  to  give  rise  to  a  sort  of  fold,  formed  as  a  thick  bourrelet. 
This  is  developed  more  toward  the  aboral  than  toward  the  oral 
face,  making  the  two  faces  hitherto  unequal  of  the  same  dimen- 
sions On  account  of  the  formation  of  this  bourrelet  the  cavity 
of  the  body,  heretofore  a  simple  slit,  begins  to  be  enlarged  at 
this  point  {co) ;  but  at  the  same  time  that  this  local  enlargement 
appears,  it  begins  to  disappear  at  another  portion.  All  that  part 
of  the  outer  layer  which  formed  the  aboral  face,  in  effect  com- 
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nenoes  to  dinppear  at  ttita  st*g«  and  alnady  pmoiU  TSgne  tnux 
of  a  vddiog  vith  the  inferior  part  of  the  endoderm  (fig.  11,  m 
Plate  O),  aad  the  cavity  of  the  body  as  it  enlarges  laterally  begin 
to  recede  and  illsappear  at  the  base  of  the  embryo.  Fignre  IS 
Plate  C,  shows  tbe  nine  modificatims  mach  more  acceataated 
The  ananlar  boarrelet  i&  developed  in  sacb  a  manaer  as  to  forn 
the  most  T>  luminous  part  of  tbe  entire  embryo  and  has  qaitte^ 
tts  exactly  intermediary  position,  spproacbing  more  and  more  U. 
tbe  aboral  pole,  to  which  it  is  now  mocb  nearer  than  tfl 
the  oral  pole,  and  the  face  in  which  is  sitnated  the  month, 
from  being  the  enuiller,  is  now  mach  the  larger  face  of  the 
embrj'o.  In  this  progressive  enlargement  of  tbe  exterior  the 
annular  fold  which  constitmes  the  bourrelet  carries  with  it  the 
entire  layer,  which  is  now  strongly  separat«d  from  the  endoderm 
except  at  tbe  aboral  face,  where  it  is  welded  with  tlie  endoderm. 
The  cavity  of  the  body,  previously  continuous,  is  thos  reduced  to 
ita  raperior  portion,  wbich  in  turn  is  divided  into  two  distinct 
parts,  the  part  which  borders  the  oral  face  («)  and  wbich  forms 
the  general  cavity,  properly  speaking,  and  the  |)art  comprised  in 
the  bourrelet  {em),  which  later  forms  the  cavity  of  the  mantle. 
On  tbe  aboral  face  it  ia  no  longer  visible  except  as  a  scarcely  per- 
CflptibU'  line,  which  in  !i  confitsed  manner  delimits  the  exorlerm 
friirn  Ilio  infiTiiir  pnrtiim  of  llie  endtjdtsrm.  On  all  the  rest  of 
this  {■aim;  it  is  scun  tliiit  the  two  primitive  layers  are  tliiekenod  in 
j,'ivitig  birtli  to  a  thick  white  mass  of  a  hintolugical  structure  diili- 
<Milt  U<  (l.;t<;n]iiiie.  Tbo  cavity  of  tbe  bi^dy  is  seen  in  the  middle 
of  tliis  inasfi  very  indistinctly,  and  in  llie  stige  represented  by 
/ij,'.  K'.  it  has  cntindy  disappcaretl. 

W'l!  jjave  seen  tbat  since  its  first  appearance,  the  median  swell- 
ini;;  and  laU^r  the  bourrelet,  at  first  situated  near  the  oral 
]">li!,  afterward  irioves  toward  tbe  oppi)site  extremity,  and 
iirially  is  situated  inirch  nearer  to  the  a!»oral  pole.  This  process 
slill  erintiniiinij;,  the  luiiii'relot  is  found  situated  at  tbe  extreme 
liiriit  of  the  alinral  face,  necessarily  by  the  continuation  of  this 
process,  il.  cnnies  to  project  beyond  the  aboral  face  in  the  form 
Ufa  mantle  (li-  i;:,  I'late  (').  The  position  of  the  bourrelet  at 
tlie  extreme  limit  of  the  aboral  face  niodilies  very  much  the 
;;eueral  aspect,  of  the  embryo.     It  is  no  lonj,^ei'  cunijioicd  of  two 
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eqaivalent  faces  separated  by  the  boorrelety  but  now  takes  on 
the  form  of  a  hat,  of  whioh  the  orown  is  formed  by  the  oral 
face,  while  the  rims  are  formed  by  the  bonrrelet,  whioh  makes 
a  strong  projection  around  the  aboral  face.  The  embryo  has  at 
this  time  very  much  the  structure  described  by  Smrras  the  struc- 
ture of  the  embryo  of  Tubvlaria  serpens  and  Osisti,  and  agrees 
very  well  with  the  description  of  that  author,  of  an  embryo  of  the 
form  of  a  flat  hat,  with  large  rims,  analogous  in  form  to  the  em- 
bryo of  A.L0TONIUM,  described  by  Hikoss.  ^^1.  It  is  composed 
of  a  convex  and  a  flat  face,  the  latter  surrounded  by  a  projection 
and  showing  by  transparence  at  the  center,  an  internal  organ 
formed  by  a  round  swelling  of  the  outer  layer,  which  is  an  open- 
ing to  the  center  of  a  cavity."  The  two  organs  which  Smitt 
describes  as  the  rudiments  of  the  tentacular  crown,  and  the  ad- 
hesive organ,  are  probably  the  annular  bourrelet,  the  evolution 
of  which  h^  been  described,  and  the  digestive  tube. 

At  this  stage  the  buccal  opening,  situated  at  the  middle  of 
the  oral  face,  is  very  distinct,  and  all  this  face,  as  well  as  the 
superior  part  of  the  bourrelet,  is  provided  with  a  continuous 
covering  of  long  vibratile  cilia.  The  cavity  of  the  bourrelet  (cm) 
and  the  general  cavity  {co)  are  still  in  direct  communication  as  in 
the  preceding  stage. 

All  the  rest  of  the  development  of  the  embryo  consists  of  a 
general  shrinking  of  the  form,  with  an  elongation  toward  the 
inferior  part,  whilst  the  bourrelet  strongly  projects  beyond  the 
aboral  face.  In  consequence  of  the  general  shrinkage,  which 
takes  place  rapidly,  the  embryo  quickly  changes  from  the  dis- 
coidal  to  th(B  elongate  form  represented  in  fig.  14,  Plate  0.  .  At 
the  same  time  the  different  organisms  undergo  modifications 
corresponding  to  the  change  in  form. 

The  solid  aboral  face,  hitherto  almost  flat,  commences  to  project, 
the  projection  becoming  more  prominent  as  the  shrinkage  pro- 
ceeds, and  eventually  forming  a  round  or  somewhat  elongate 
mass  (fig.  14,  Plate  C).  While  this  round  mass  is  forming,  the 
bourrelet  projects  more  and  more  as  a  sort  of  mantle,  and  finally 
the  mass  is  almost  entirely  enveloped  by  the  mantle,  leaving  only 
a  simple  opening,  which  forms  the  communication  with  the  in- 
terior of  the  cavity  circumscribed  by  the  mantle.    The  figures  12 
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and  13,  Plate  C,  show  its  formation  in  optical  sections.  la 
thJ8  transformation  the  two  primitive  portions  of  the  embryo 
become  more  and  more  separated.  In  the  stage  represented 
by  fig.  14,  Plate  C.  the  two  extremities  are  enlarged  and  the 
middle  constricted,  forming  two  visceral  masses  of  the  body. 
The  general  cavity  of  the  body  (ec)  and  the  mantle  cavity 
are  reduced  to  mere  slits,  and  are  not  as  heretofore  in  direct 
communication  with  each  other,  but  their  ends  are  close  to- 
gether at  the  constricted  portion  of  the  body,  without  being 
connected.  Externally  the  free  larva,  at  this  stage,  presents 
an  elongate  form  (fig.  15,  Plate  C),  with  the  posterior  extremity 
much  the  larger,  occupied  by  the  mesodermic  mass  and  covered 
by  the  mantle.  The  anterior  part  is  less  swelled  and  con- 
tains the  intestine.  The  two  portions  are  separated  by  the 
constricted  portion  before  mentioned.  The  two  visceral  masses 
are  visible  by  the  transparence  of  the  body  as  two  dark  spots 
at  the  extremities  of  the  free  larva.  Each  pole  is  occupied 
by  an  opening.  The  first,  situated  at  the  superior  pole,  is  the 
buccal  opening.  It  is  capable  of  contracting  in  such  a  manner 
as  to  be  reduced  to  a  simple  point,  and  frequently  it  is  so  small 
that  it  is  almost  impossible  to  distinguish  it;  in  this  case  there 
are  always  present,  in  that  part  of  the  skin  coverinij;  the  intestine, 
radiating  striiv,  whicli  are  probably  i)licati')ns  j)r(>duced  by  the 
contriictions  of  the  buccal  opouing.  At  the  ojiposite  pole  there 
is  another  opening  capable  of  exjianding  and  contracting  itsulf, 
anil  at  the  bottom  of  which  the  aboral  mass  is  visible.  As  at 
the  opposite  pole  there  are  radiating  lines,  but  finer  and  sitnated 
more  closely  together. 

Mkiamohi'ieosis. 
After  the  embryo  has  become  lixed  the  first  stage  observed  is 
that  represented  in  Plate  1 ),  fig.  If!,  and  is  composed  of  an  inlcrnal 
mass,  «,  and  an  external  layer,  h,  which  are  separate<l  from  each 
othoi'  liy  a  fattv  layer,  c;  the  lirst  constituting  a  pyriform  mass  ; 
the  second,  soft  and  trans}>arent ;  the  third  is  coin]Kised  of  fatty 
glidnik's  closely  enveloping  the  central  mass,  and  in  turn  envel- 
oped by  the  external  layer.  The  form  of  the  entire  embryo  is 
delennincd  by  that  of  the  internal  mass  and  is  necessarily  pyri- 
form.    At  this  stage  it  does  not  present  in  its  interior  any  cavity 
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but  apparently  forms  a  solid  flat  mass,  composed  of  thin  concen- 
tric layers,  a,  5,  c,  in  direct  contact  with  each  other.  In  the  fol- 
lowing stage  (Plate  D,  fig.  17)  the  external  layer  has  expanded  into 
a  round  cell,  which  is  separated  from  the  internal  mass,  and  forms  at 
this  time  a  discoidal  plate.  The  wall,  at  first  formed  of  an  uniform 
trai^sparent  membrane,  is  now  differentiated  into  three  parts :  the 
external  layer,  d,  which  completely  invests  the  embryo ;  an  interior 
layer,  a,  which  has  preserved  the  essential  structure  of  a,  fig  16, 
and  at  this  stage  consists  of  a  somewhat  thick,  obscurely  cellular 
layer,  and  is  called  the  endocyst.  Between  the  endocyst  and  the 
peripheral  zone,  dy  there  is  already  visible  a  calcareous  deposit, 
in  the  form  of  an  opaque  ring.  The  cavity  of  the  body  situated 
between  the  endocyst  and  internal  mass,  before  this,  compressed 
in  a  small  compass,  as  shown  in  fig.  16,  Plate  D,  by  the  enlargement 
of  the  external  layer  into  a  round  sac,  becomes  very  spacious,  and 
the  fatty  globules,  heretofore  generally  adhering  to  the  external 
layer,  for  the  most  part  detach  themselves  and  drop  into  the 
spacious  cavity.  Finally,  the  internal  mass  which  has  preserved 
its  pyriform  aspect,  commences  to  show  two  small  papillae,  which 
are  the  rudiments  of  the  tentacles.  Even  at  this  early  stage  we 
are  able  to  see,  with  certainty,  that  the  internal  mass  forms  the 
rudiments  of  the  polyp,  of  which  the  inflated  portion  gives  rise 
to  the  tentacular  crown,  while  the  more  slender  portion  is  the 
beginning  of  the  alimentary  canal.  The  differentiation  of  the 
parts  of  the  zooecium  proceed  in  a  very  gradual  manner  and,  as 
illustrated  in  fig.  17,  are  still  vague,  but  in  the  stage  represented 
by  fig.  1 8,  Plate  D,  the  parts  previously  vaguely  indicated  are 
seen  distinctly  separated.  The  rudiment  of  the  polyp  is  clearly 
seen,  divided  into  the  tentacular  crown  and  the  beginning  of  the 
alimentary  canal.  Moreover,  the  fatty  globules  are  definitely 
separated  from  the  outer  envelope,  and  are  irregularly  dissemi- 
nated in  the  cavity  of  the  body.  Another  important  change 
which  takes  place  at  this  stage,  is  the  appearance,  a  little  in  front 
of  the  center,  and  just  at  the  anterior  part  of  the  polyp,  of  a 
round  swelling  of  the  endocyst.  The  disc  first  appears  in  the 
form  of  a  round  swelling,  sessile  on  the  walls  of  the  body,  but  is 
soon  elevated  above  the  level  by  the  circular  uprising  of  the  walls 
of  the  endocyst,  which  is  rapidly  effected  and  gives  rise  to  a 
tubular  conduit,  terminated  above  by  a  disc,  which  is  pierced  by 
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an  opening.  This  uprising  is  not  uniform  but  ia  much  mo 
rapid  forward  than  behind,  so  that  the  disc  first  occupies  a  hoi 
zontal  position  and  is  i)arailel  with  the  superior  portion  of  tl 
endocyst,  but  gradually,  from  the  unequal  development  of  ti 
sides  of  the  tube,  it  assumes  first  an  oblique  and  then  a  vertic 
position. 

The  tube  is  at  first  very  slender,  but  rapidly  changes  to  tl 
form  represented  in  fig.  19,  Plate  D;  but  in  this  stage  it  is  y 
entirely  membranous,  and  presents  very  distinctly  a  celluli 
structure.  Fig.  19  shows  the  polyp  more  distinctly  ;  a  tentac 
!ar  crown  already  well  formed,  as  well  as  the  rectum  and  tl 
stomach  distinct  from  each  other.  It  occupies  all  the  spai 
between  the  tube  ij,  into  which  is  prolonged  the  tentacidar  sbeal 
and  the  bottom  of  the  cell,  and  apparently  divides  the  cavity  i 
the  last  into  two  symmetrical  parts,  in  each  of  which  the  fatt; 
globules  unite  in  two  coherent  masses.  The  endocyst  is  sti 
visible,  but  becomes  less  distinct  by  the  thickening,  aJreaci 
considerable,  of  the  calcareous  ectocyst. 

In  the  following  stages  (figs,  '20,  31}  the  terminal  disc  is  coi 
pleted,  also  the  terminal  opening  which  forms  the  mouth  of  tl 
cell ;  also  the  tube  A,  which  is  a  little  elongated,  is  covered,  wit 
out  sensibly  incroasinj,''  tlie  diameter,  by  a  calcareous  liiye 
ciintiniioiis  with  the  ])riiiiitivo  ectocyst,  whicli  it  soon  tiiiials  . 
tliickness.  Figure  ao  shows  tlie  continuation  of  tlie  growth  i 
tbe  |>olyp,  the  tentacles  begin  to  elongate  tlium^ielvcs  into  tl 
tube,  wliich  begins  ti)  lose  its  very  regular  form. 

The  two  symmetrical  masses  of  fatty  globules,  wiiicli  a 
seen  in  the  preceding  stage  |lig.  ]1>)  assembled  to  tiie  right  ar 
left  of  the  polyp,  are  at  this  stage  condensed  in  two  compa 
masses,  occupying  a  much  smaller  space.  The  aiTangeiuent 
the  globules  are  tlie  same  as  in  the  ('iicilostfunata  at  a  c.r 
spimding  stage,  except  that  in  those  fiiruis  they  are  comiensed 
nne  mass  instead  of  two,  as  in  this  form.  Passing  !>y  tlie  intt 
mediate  stages  (fig.  21)  sliows  us  tliejiulyp  eMm[ik-tely  ftu'mc 
with  a  pigmented  stomach  (hcjiatic  follicles;).  Figuie  '2-2  shows 
the  last  stage  in  which  the  polyp  is  observed  liefore  tlie  cumpletic 
of  tlie  cell. 

Figure  23  shows  us  a  completed  cell,  a:id  tiL:,  -Ji  a  group 
cells,  of  wliich  the  colls  marked/  were  fnfrued  iiv  the  biidilii 
of  the  cell,  whose  growth  we  have  been  studviii''. 
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In  Plate  E,  figs.  1,  2,  s^iow  the  free  embryo,  front  and  back 
view  of  MoLUA. 

a,  Ciliary  plame.  5,  Mouth  of  gastrula.  o,  Oouliform  points. 
d^  Obscure  portion  of  the  body,  comprised  between  the  two 
branches  of  the  stomach  (intestine  of  Brpiaohovf?). 

Figures  3  and  4  show  the  changes  toward  the  formation  of  a 
cell.  ^,  The  polyp.  /,  Fatty  globules  disseminated  in  the  period 
following  fixation.  «,  Endocyst.  e\  Ectocyst.  s,  The  peri- 
pheral zone.  In  fig.  5  the  calcareous  ectocyst  has  acquired:  its 
normal  thickness,  while  the  peripheral  zone  has  disappeared,  as 
we  have  already  seen  in  Tubultpoba.  The  primitive  cell  is  now 
completely  formed  and  has  always  on  the  right  or  left  a  lateral 
cell.  Figure  6  represents  a  more  advanced  stage  than  fig. 
5.  The  lateral  cell  1,  after  increasing  in  size,  buds  and  is  now 
divided  by  a  wall  into  two  superimposed  cells,  1  and  \\  both 
still  incomplete.  In  fig.  7  the  cell  1  has  acquired  its  com- 
plete development,  but  has  not  given  birth  to  another  cell.  The 
cell  \\  has  increased  in  size  and  shows  two  new  cells,  2  and  2', 
budding  from  it,  showing  in  this  stage  as  two  lateral  swellings  ; 
2'  is  already  divided  from  its  parent  cell  by  a  wall.  In  fig.  8  we 
see  that  the  rudimentary  cells  of  the  preceding  figures  have  in- 
creased in  growth,  1'  being  completely  formed  and  the  others 
well  advanced ;  moreover,  we  see  that  the  cells  1,  2,  1'  and  2'  are 
spread  out  to  the  left  in  such  a  manner  as  to  fill  the  space  be- 
tween them  and  the  neighboring  cells,  a  process  resulting  in 
three  new  cells,  3,  3'  and  3*.  In  fig.  9  we  see  that  the  cells  num- 
bered 3  have  increased  in  size,  while  the  cells  numbered  2  are 
nearly  or  quite  completed,  whilst  the  cells  numbered  3  have 
spread  out  in  such  a  manner  as  to  fill  the  interstices  between 
them  and  the  cells  \\  2,  2',  giving  birth  to  a  new  range  of  cells 
numbered  4,  composed  of  more  and  more  Aumerically,  which  in 
turn  thicken  and  give  birth  to  another  range.  This  form  of 
growth  continues  indefinitely,  each  range  of  rudimentary  cells 
giving  birth  to  a  new  range,  while  the  cells  of  the  preceding 
range  acquire  their  complete  character.  The  continuation  of 
this  mode  of  growth  finally  forms  a  discoidal  mass,  the  primitive 
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cell  occupying  the  center. 


vou.  inxiupjfiug  L.ue  (jenLsr,  me  mass  gn 
crease  of  tbe  cella  occupying  the  border, 
I  '  as 


mass  growing  in  size  by  the  in-fj 


StAT0BI,48TS. 

In  tbe  Hippocrepian  forms,  there  is  still  another  mode  of  repro- 
duction.   At  certain  seasons  of  the  year  peculiar  bodies  occur 

attached  to  the  fiinicuJus  (fig.  IS,  s)  or  lying  loose  in  the  perigas- 
tric space,  to  which  At.lman  has  given  the  mime  of  statoblasts, 
figs.  30, 31.  They  are  lenticular  bodies,  varying  in  dilTerent  genera 
from  orbicular  to  elongate  oval,  and  enclosed  in  a  horny  shell, 
consisting  of  two  concavo-convex  discs,  united  at  their  margins 
by  a  ring,  which  is  of  a  dilferent  .structure  from  the  discs. 

The  statoblasts  have  erroneously  been  described  as  an  egg,  but 
are  considered  by  Allman  to  be  a  form  of  bud.  They  are  devel- 
oped on  the  funiculus  and  may  be  seen  on  that  organ  in  various 
stages  of  growth. 

The  following  account  of  them  is  taken  from  Allman's 
'*  Fresh-Water  Poly^oa." 

"  In  Loi-Hoi'DS  I  have  succeeded  in  following  them  througli 
their  various  stages  of  early  development.  Their  first  appear. 
ance  here  is  in  the  form  of  little  swellings  on  the  funiculus, 
consisting  of  a  mass  of  minute  cells,  surrounded  by  a  dense 
layer,  continuous  with  the  surface  of  the  funiculus.  The  swell- 
ing now  increases  in  size  and  assumes  a  more  regularly  oval 
form,  whilst  its  contents  appear  more  uniformly  granular,  and 
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are  plainly  to  be  seen  to  be  oomposed  of  two  masses  in  dose 
apposition  to  each  other  [Sg.  30,  a}.    We  next  find  that  the  two 


masses  have  lost  their  distinctness  and  fused  together,  and  the 
whole  contents  now  appear  to  be  composed  of  minute  cells,  con- 
fined by  common,  external,  transparent  membrane,  which  is  itself 
plainly  cellular  [b].  The  cellular  condition  of  its  contents  must 
not  be  confounded  with  true  segmentation.  The  whole  body 
now  begins  to  assume  a  more  lenticular  form,  and  within  the 
external  envelope  two  other  investments  begin  to  show  them- 
selves. One  of  these,  the  more  internal,  extends  over  the  whole 
of  the  cellular  mass,  but  the  oiher  is  confined  to  the  margin 
of  the  lenticular  mass,  which  it  embraces  in  the  form  of  a 
ring  [c].  No  manifest  structure,  beyond  a  simple  granular  one, 
can  as  yet  be  detected  in  these  last  formed  envelopes;  but  the 
jing  is  soon  seen  to  be  composed  of  distinct  cells  [(f),  which  pre- 
sent a  bright  central  nucleus-like  poiat,  and  a  number  of  concen- 
tric layers,  which  remind  us  of  the  secondary  deposits  in  certain 
vegetable  cells.  Up  to  this  point  the  investments  are  all  color- 
less and  nearly  transparent,  but  we  now  find  that  the  internal 
envelope  and  annulus  become  more  and  more  opaque,  white  the 
former  assumes  a  deep  brown  color  and  the  latter  becomes 
yellow.  They  have  both  acquired  a  homy  consistence,  and  the 
annulus  is  composed  of  large  hexagonal  cells  filled  with  air.  If 
now  the  whole  be  crushed  under  the  microscope  multitudes  of 
cells  will  escape  all  filled  with  minute,  strongly-refracting  cor- 
puscles, but  any  further  observation  of  the  progressive  develop- 
ment of  the  contents,  up  to  the  opening  of  the  statohlast  and 
the  escape  of  the  young  polyzoan,  is  henceforth,  on  account  of 
the  opacity  of  the  covering,  impossible.    The  statoblast  having 
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its  full  form  and  breaking  free  from  the  funiculus/liea  free 
B  perigastric  space. 


Ll 


"  When  exposed  to  conditions  favorable  to  its  development,  the 
two  faces  after  a  longer  or  shorter  period  separate  from  one 
another  and  a  young  polvnoan  gradually  emerges  and  floats 
away  freely  through  the  surrounding  water.  The  surface  of 
the  young  polyzoan  thus  become  free  is  destitute  of  cilia  except 
on  the  tentacles,  and  the  motions  of  the  young  animal  seem  to  be 
quite  passive,  except  as  they  may  be  inHuenced  by  the  cilia  Ml  J 
the  tentacles.  At  the  period  of  its  escape  it  possesses  all  theil 
essential  organisation  of  the  ndult.  The  retractor  muscles  are 
well  developed  and  the  polypid  is  capable  of  regular  ex.>iertion 
and  contraction,  but  the  ectocyst  is  colorhfss  and  transparent 
and  free  from  the  eartliy  particles  which  in  the  greater  number 
of  species  are  afterward  formed  in  it,  and  tJie  little  animal  is 
still  simple.  It  loses  no  time,  however,  in  developing  geinma\ 
which  soon  change  it  to  the  compound  form  of  the  adult, 

"The  general  structure  of  the  statoblasts  being  now  under- 
stood, the  important  question  at  once  suggests  itself,  What  is  the 
true  importance  of  the^e  bodies?  All' that  we  have  seen  of  them 
is  manifestly  in  accordance  with  the  nature  of  a  bud.  The 
invariable  absence  of  a  germinal  vesicle  and  germinal  s|»ot.  and 
their  never  exhibiting  the  phenomena  of  yelk  cleavage,  in<le- 
pendently  of  the  conclusive  fact,  that  true  ova  and  ovary  occur 
elsewhere  in  the  same  individual,  are  quite  decisive  against  their 
being  eggs.  We  must  then  look  upon  them  as  yaiun.i  ]>eculiarlv 
encysted  and  destined  to  remain  for  a  period  in  a  quiescent  or 
pupa-like  state.  It  was  for  this  reason,  therefore,  that  I  pro- 
posed for  them  the  name  of  statoblasts  —  -rn---.  ;-./.■!■-',  " 
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Classification. 


In  deterininiiig  the  systematio  position  of  the  forms  described 
in  this  paper,  the  form  and  manner  of  growth  of  the  zoarium  as 
a  whole,  as  well  as  that  of  each  cell,  has  been  considered. 

It  is  best  not  to  give  too  much  weight  to  microscopical  charac- 
ters, which  not  one  stadent  in  ten  can  detect,  to  the  neglect  of 
more  obvious  characters,  which  can  be  observed  by  any  student 
of  ordinary  scientific  penetration.  This  is  especially  true  of 
those  forms  which  have  undergone  fossilization,  and  the  con- 
sequent modification  of  microscopic  characters. 

It  is  a  well-understood  fact  that  one  making  a  special  study  of 
a  certain  group  or  groups  can  see  minute  differences  which  can 
not  be  distinguished  by  others ;  not  that  they  do  not  exist,  but  in 
order  to  distinguish  them  it  needs  constant  and  close  study  of 
that  particular  group ;  and  it  is  apt  to  be  the  case  that  in  the 
study  of  these  minute  differences  more  important  points  of 
agreement  are  overlooked. 

In  many  forms,  as  Stiotopoba,  the  cells,  from  their  manner  of 
growth,  need  some  support.  In  some  species  this  support  is  pro- 
vided for  by  a  vesicular  tissue  between  the  cells;  in  others 
the  space  between  the  cells  is  filled  up  by  an  apparently,  but  not 
in  reality,  solid  mass.  As  the  structure  in  either  case  is  simply 
for  the  support  of  the  individual  cells,  if  in  other  respects  the 
zoarium  and  zooecia  are  essentially  the  same,  such  difference  in 
the  supporting  structure  can  make  but  little  difference  in  system- 
atic position  of  the  two  forms ;  certainly  not  a  generic  difference. 

Though  the  Montioulipobidjs  and  allied  forms  are  described 
here,  there  is  but  little  doubt  that  all  the  forms  which  are 
here  placed  in  the  family  AMPLBxopoRiDiE  and  other  allied  forms 
are  not  Bryozoa.  Any  form  which  increases  by  fissiparity  or 
by  coenenchymal  gemmation,  must  of  necessity  be  considered  as 
a  Coral. 
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In  Miller's  "  Korth  American  Geology  and  Palaeontology," 
1889,  the  names  of  1093  species  of  Bryozoa  are  given,  occurring 
in  the  different  geological  formatioDB  of  this  country,  as  foUon's  : 

Ohazy 6 

Trenton 79 

Hudson  River 141 

Clinton ■ 15 

Niagara 96 

Lower  Helderberg 86 

Comiferous 301 

Hamilton 208 

Chemung 8 

Sub-Carboniferous 229 

Carboniferous 34 

Permian    3 

Bat  no  significance  can  bo  attached  to  these  figures,  as  the 
Bryozoa  of  some  of  the  formations  have  been  more  thoroughly 
studied  than  those  of  others.  For  instance,  though  more  forms 
have  been  described  from  the  Lower  Carboniferous  than  from 
the  Hamilton  Group,  more  than  sixty  atiditional  species  of  the 
Fenrstei.ud^  alone  from  the  Hamilton  Group  have  been  described 
in  manuscript  from  the  State  of  New  York,  and  these  occur  in  !i 
comparatively  small  collection.  It  is  safe  to  say  that  not  one- 
half  of  the  species  of  Bryozoa  occurring  in  this  country  have  yet 
been  described. 

Sub-kingdom  MOLLUSCOIDEA. 

Class  BRYOZOA. 

Order  Gymnolcemata. 

Sub-order  Chilostomata. 

Family  FenestellidtC,  King,  emend. 

ANASTOMorOR*.     Arohimedes.     Ahobimedii'ora. 

CioLOj'iBiNA.     Fkbestella,     Fehkstralia.      FkNEBTRAI'ORA. 

Flahelupoba,     Flabklliporella.      IIelicoi-ora.     IIemitrtta. 

IflOTRYPA.       LOCDLIPORA.       LyROPOBA,       LvBOrORIDRA. 

Ltkoporina.     Ltkopohelia,     Phyli.opora.     Folypoka. 
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POLTFOBELLA.      PtILOPOBA.      PtILOPOBBLLA.      PtILOPOBINA. 
PiNNAPOBINA.      PlNNAPOBELLA. 

Bbtepobina.    Stkocladia.    Teotulipoba. 
Tec  ruLiPOBELLA.    Unitrtpa. 

Family  Acanthocladiidae,  Zittel,  emend. 

AOABTHOOLADIA.      GlA^TJCONOME.      IoHTHYOBAOHIS.      BaMIPOBA. 

Family  Thamniscidx,  King. 

Crisinblla.    Diplopora.    Thamnisoub. 
Thamnioella. 

Family  Arthrostylidx,  Ulrich,  emend. 
Arthrostylus. 

Family  Stictoporidx,  Ulrioh,  emend. 

CflRAMELLA.      EuRTDIOTTA.      EvACTINOPORA. 

Pachydiotya.    Phyllodiotya.    Prismofora. 

SOALABIPORA.      SeMIOPORA.      StIOIOCKLLA. 

Stiotopora.     Stictoporidra.     Stiotopobella. 
Taeniodioty  A .    Taeniopoba. 

Family  Intraporidx,  nov.  fam. 

COSOINELLA.      InTRAPOBA.      SeMIOPORA. 

Stiotoporklla. 

Family  Cystodictyidae,  Ulrioh,  emend. 

CySTODTCTYA.      COSCINIUM.      DiCHOTRYPA. 
PflRAOTOPORA.      MeEKAPORA. 

Family  Actinotrypidae,  nov.  fam. 

AOTINOTRYPA. 

Family  Rhinoporidae,  Ulrioh. 
Rhinopoba. 

Family  Ptilodictyidae,  Zittel,  emend. 

Gbaptodiotya.     Phjenopoba.    Pjilodiotya. 
Ptilotbypa.     Stiotopobina.     Stiototbypa. 
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Family  Acrogenidse,  nov.  fam. 

AoSOGENIi..       DiOSAJtOPOBA..       GoMIOTKTPA. 

Family  Clatbroporidx,  nov.  fam. 
Clathbopora. 

Family  Thamnotrypida,  nov,  fam, 
Thamkotbypa.. 

Family  Arthroclemidse,  nov.  fam. 
Aktboolska.     ELblopoka.     Septopoba. 

Family  Rbomboporidx,  dov.  fam. 
Batostouella.    Gjeloooncb.    Ehohbopoba. 
Tbbuatblla. 

Family  Streblotrypidx,  Ulrich  emend. 
Cali^otbtpa.    Stbkblotbypa. 
BrTaopoKA. 

■  Family  Rbabdosemonidx,  Vine,  emend. 

AOANTHOOLEMA.       NEMiTAXIH. 

Family  Bactroporid;e,  nov.  fam. 

BaOIKOPORA.       NEMAToroKA, 

Family  Chilotrypidae,  nov.  fam. 
Chilotrtpa. 

Family  Phaceloporidas,  I'lricii. 
Phacelofoba. 

Family  WorthenoporidEe,    Ulrich. 

AVoBTHENOrOHA. 

Suborder  CYCLOSTOMiTA. 
Family  Fistuliporinidae,  nov.  fam. 

CCELOCAITLIS.       FiBTITi,!  FORI  OKA.       FiSTULIl'ORTNA. 
PlKACOTBYFA. 
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Family  Fistullporidae,  Ulrioh  emend. 
FisTULiPOBA.    Ltohbhalia.    Stbotopoba. 
?  FI8TUL1POBBLLA. 

?  GlX>880TBTPA. 

Family  Odontotrypidae,  nov.  fam. 

EbIDOPOBA.      OdONTOTBYPA.      PlLBOTBYPA. 

Selbkopoba. 

Family  Ceramoporidx,  Ulrioh  emend. 
Obbamopoba.    Atacttopoba.    Pbtigopoba. 

Family  Ceramoporellidae,  nov.  fam. 
Cebamopobella.    Ohilopobella.    Obbpipoba. 
d1ame8opoba. 

Family  Lichenoporidx. 

EOTBTLLOPOBA.   SpHAQIOPOBA.   SoBNBLLOPOBA. 

Family  Tubuliporidx,  Busk. 

Bebbnioea.    Diastopoba.    Diastopobika. 
Hebnodia.    Pbobosoina.    Sagenella. 
Stomatopoba. 

Family  Entalophoridx,  Eeuss. 

Clonopoba.    Otstopoba.    Mitoolema. 

Family  Reptarids,  nov.  fam. 
Kbptabia.     Hbdebella. 

Suborder  TREPOSTOMATA. 
Family  Monticuliporids,  Nicholson  emends 

HOMOTBYPA.      MONTIOULIPOBA.      PeBOBOPOBA. 

Family  Amplexoporids,  Ulrioh  emend. 

Amplexopora.    DeKayia.    Hetebotbypa. 

Leptotbypa.     Monotbypa.    Monotbtpella. 

Petalotrypa.    Ptyohonema.    Stekopoba. 
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^H 

Family  Prasoporidae,                         ^^^^H 

^^H    Aapoxipoka.. 

Ataotopobella.     Homotbtfella.               ^^^^I 

^^H    Pbasofoba. 

f^^t 

^H 

Family  Calloportdsc,  Uliich  emend.              ^^^^| 

^^H    Batostoiu. 

Callopoba.     DbKayella.    Diplotktpa.                 ^ 

^^B  ?  Idiotbtfa. 

Ifl 

^H 

Suborder  CTENOSTOMATA.                   ^^^M 

^^H    AecoDioTTim 

[.       BaAPOLO»ABLA.       YlHBLLA.                                        ^^^^| 

^1 

UNCLASSIFIED.                           ^^B 

^^H     Cyolopoba. 

Fbodtella.                                                     ^^^H 
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In  the  list  of  species,  the  name  of  each  species  is  followed  by  . 

I  A  number  and  letter.    The  number  refers  to  the  work  in  which  | 

I  the  species  was  first  described,  the  letter  to  the  formation  itt  i 

[  which  the  species  occurs,  as  follows : 


'  C.  CBAzr. 

E.  HnSBOIT  RlTER. 
p.   CUHTOM. 
r    O.  NlAOASA. 

k  H.  Ixiwan  Helderbebo. 


K.   CORNIFEROUS. 
L.  HiMlLTON. 

N.  Chkuuno. 

O.  Lower  Cahboniferocs. 

P.   CiHBOSlFEBODS. 

R.  Pkhmian, 


Gehbba  and  Speoies  or  Ambrtoah  Palasozoio  Bryozoa. 
In  the  list  of  works  containing  accounts  of  genera  and  species, 
Beaoh  work  is  preceded  by  a  number.    The  number  following 
leach  name  refers  to  those  numbers.    The  letter  refers  to  the 


L  geological  formation. 

I  ACANTHOOLADtA,  15. 

americana,  38,  R. 
fruticoea,  P. 

'  ACANTHOCLEMA,  93. 

nltertiMUini.  '4.  K. 
bUpinulatiim,  73.  L. 
conHiienH.  BJ.U. 
diTergens,  B^,  K. 
ovatum,  63.  K. 
Bcii tula tu 111,  t;!,  L. 
sulcatum,  B3,  L. 
triseriiile,  82,  K 
ACBOQESIA.  S7, 

prolifera,  87,  L. 
ACTISOTRYPA,  B,^. 

peculiaria,  m,  P. 
Amplksofora,  78 

affiDie,  B5,  E. 

CauadenBia,  SI,  O. 

dngulata,  78,  E. 

discoidea,  Cliietet*9,  81 

puHtulosa,  E. 

robuata,  83  E. 

neptosa,  Atactopora.  7 

superba,  81,  D. 

wincliplli,  92,  D. 


{See  above,) 


Anisotbtpa,  83. 
fistuloaa,  9S,  O. 
ramulosa,  60,  O,., 
solida,  9S.  O. 

Byninielrica,  83,  O. 
Arcui.mede!*,  B. 

ciiinmunis,  flS,  0. 
coiupac'tuB,  B5,  O. 
distans,  85.  O. 
grandtM,  9.'i,  O. 
intiTiwdius,  H.1,  O. 

1hiu9.  33,  O. 
MBL'kaiuis.  32,  0. 
negligeus.  95,  O. 
Owsnanus,  22.  O, 
pe rill ieni lima,  9.1,  0. 
Proutamis,  8.1,0. 

aublaxuB,  95,  0, 
Swallovanlis,  22.  0 , 
terebriforniiti,  Bfi.  O, 
Wortheni.  22,  O. 

Arcqimedipora,  is. 

Ahtbroclema.  83, 
nngiilare,  95.  E. 
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Arthroclsma,  BiUiiiKsi)  95,  D. 

pulchellum,  88/ D. 
Arthropora,  78. 

Shafferi,  Stictopora,  44,  E. 

simplex,  92,  D.I 
Arthrostylus,  94«. 

curtus,  Arthronema,  78,  E. 

tenuis,  Arthronema,  78,  D. 
ASCODICTYUM,  68. 

fusiforme,  68,  L. 

stellatum,  68,  L. 
AspmoPORA,  78. 

areolata,  88,  E. 

caliculus,  ChsBtetes,  58,  D. 

parasitica,  92,  D. 
Atactopora,  71*. 

hirsuta,  71«,  E. 

maculata,  71*,  E. 

subramoea,  71a,  E. 
Atactoporblla,  94. 

multigranosa,  Atactopora,  71a,  E. 

mundula,  Atactopora,  71*,  E. 

Newportensis,  88,  E. 

Ortoni,  Chsetetes,  48,  E. 

Schucherti,  88,  E. 

tenella,  Atactopora,  71a,  E. 

typicalis,  88,  E. 
Bactropora,  93. 

curvata,  93,  L. 

granistriata,  Trematopora,  73,  L. 

simplex,  95,  O. 
Batostoma,  'J  8. 

fertile,  92,  D. 

imperfectum,  95,  E. 

implicatum,      Monticnlipora,    72, 
E. 

irrasum,  92,  D. 

Jamesi,  Chsetetes,  58,  E. 

Manitobense,  98,  E. 

Ottawense,  81,  D. 

rugosum,  Fistulipora,  75,  E. 

variabile,  95,  E. 
Batostomella,  78. 

abrupta,  95,  O. 

gracilis,  Chsetetes,  48,  E. 

interstincta,  95,  O. 

nitidula,  95,  O. 

obliqua,  95,  L. 

spinnlosa,  95,  O. 

simulatrix,  95,  E. 


Berbnioba,  2. 
insueta,  9,  0. 
Minnesotensis,  92,  D. 
primitiva,  78,  E. 
vestculoea,  78,  E. 

BOTRYLLOPORA,  48. 

socialis,  48,  L. 

BUSCOPORA,  92. 

lunata,  Fistulipora,  88,  K. 
lunata,  var.  tubulata,  Lichenalia, 

89,  K. 
Bythopora,  71. 

arctipora,  Ptilodictya,  60,  E. 

fruliooea,  71,  E. 

Herricki,  92,  D. 

NashvillenBis,  71<(,  D. 

striata,  98,  E. 
Callopora,  20. 

aspera,  20,  G. 

celluloea,  82,  H. 

cervicomis,  i71*,  G. 

diversa,  71*,  G. 

elegantula,  20,  G. 

fistulosa,  82,  H. 

florida,  20,  G . 

geniculata,  98,  K. 

incontroversa,  92,  D. 

laminata,  20,  G. 

magnopora,  9?a,  G. 

nodulosa,  Chsetetes,  48,  E. 

nummiformis,  20,  G. 

Ohioensis,  58,  G. 

Oneali,  Chsetetes,  98,  E. 

oppleta,  98,  H . 

perelegans,  52,  H. 

punctillata,  87,  L. 

sigillaroides,  CbsBtetes.  61,  E. 

singularis,  62,  G. 

subnodosa,  95,  E. 

subplana,  78,  E. 

undulata,  92,  D. 
Calloporblla,  78. 

Harrisi,  88,  E. 

nodulosa,  95,  E. 
Callotrypa,  98. 

heteropora,  Callopora,  52,  H. 

intemodata,  71,  L. 

macropora,  Callopora,  78,  H . 

macropora,    var.    signata,     Cal- 
lopora, 62,  H. 
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Callotrypa,  multiseriats, 

CaUopora. 

ClELOCAtTLtB,  flS. 

74,  K. 

oculifera,  Callopoim,  71 

E. 

Hjale.  Callopora,  G2,  K. 

paucipors,  83,  H, 

irregularU.  Callopora,  74,  K. 

striata.  »3,  H. 

medioporo.  Callopora.  B8.  H. 

uuispina,  CaUopora,  5S 

H. 

veuueta.  Callopora.  52,  B. 

Ceramblla.  93. 

CfliLOCO.NCS.  85. 

acidacea.  83.  L. 

gtanoaus.  96.  0. 

Ceramopora,  20. 

rhoinbipUB,  B5,  O. 

agelluH,  63,G. 

COBCISELLIL.  08, 

B«ani,  88,  E. 

coniluenH,  62.  0 . 

elegantula,  98.  L. 

explanata,  71^  O. 

CoeciNrcu,  12. 

foliacea,  20,  G. 

asteriiim,  38.  0. 

Huronenais,  SB.  L. 

Cyclops.  38.  K. 

imbricBta.  20,  G. 

elegana,  28.  0, 

incruBtana,  20,  O. 

escharoidee,  38,  0. 

labecula,  63,  G. 

KeyB^linei.  38.  0. 

labeculoidea,  K,  H. 

latum,  95,  0, 

niaculata,  62,  H. 

MioheliDi,  28.  0. 

maxima,  QS,  H,. 

Nicholsoni,  B8,  E. 

Eag&oella,  38.  O. 

Nothua,  716,  Q. 

striatum,  83.  O. 

atriatunim,  88,  K. 

parriceUa,  71",  H. 

tubercultttiim.  SS,  O.           ^^ 

Worthent,  30.  0.                ^M 

Bbrauoposella,  71. 

COSCItlOTRTPA,  B8.                          ^B 

-   clistincta,  05,  E. 

cribriformiH,  24,  K, 

graiiulosu,  B-l.  K, 

CliEPlPORi.  :''•. 

Btellata,  9S,  E. 

epiaermiila,  IJl,  E, 

CH.ICSOUKTTL'II,  71,(, 

heiiiisjiherk'y .  •.!'>.  K. 

laxum,7l",  0. 

Biniulnn?,  t'5,  E, 

laxuiu.  Tar.  minor,  95, 

O 

scilida,  U5,  E. 

Chiloporeu.a.  7e. 

Crisinella,  83. 

HabelliitH,  78,  E. 

BcrobiculaU.  74.  K. 

Clilotbvp.\,  St. 

Cyc'LOPOha,  2«. 

Iiispiiifl,  84,  O. 

eM.HIiata,  B6.  O. 

ostiolata.  Trenialoponi, 

JO.  G. 

fungi,  28.  0., 

CLATHROPORA,aO. 

pglymorpha.  2S.  O. 

alcicornia.  20,  U. 

Cyuloporella,  05. 

perversa,  0!5.  0. 

flabellatu,  13.  D. 

Bpinitera,  05,0. 

froiido3H.20.  O. 

CrSTciDiciYA,  78. 

KraL-tlia.  85,  G. 

atnericana,  05,0. 

intermedia,  48,  G. 

angusta,  84,  O. 

iiitertejttii,  48,  K. 
CUJSOPORA.  74 . 

lineala,  84,  0. 

fasciciilHta,  B3,  K. 

nitida.  S5,  0. 

incurva.  74.  K. 

ocellata,  78,  0. 

Gilberti,  42,  K. 
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CiSTODiCTYA,  pustuloBa,  95,  O. 

simulans,  94,  O. 

jsigzag,  94,  O. 
Cystopora,  74. 

genie ulata,  74,  K. 

DiAMESOPORA,  20. 

camerata,  Trematopora,  82,  K. 

communis,  95,  E. 

constricta,  Trematopora,  52,  H. 

dichotoma,  20,  H. 

dispersa,  Trematopora,  71'' ,  H. 

Vaupeli,  95,  E. 

DiCHOTRYPA,  95. 

elegans,  95,  O. 
expatiata,  95,  O. 
flabellum,  Fistulipora,  88,  O. 
foliata,  95,  L. 
grandis,  95,  G. 
intermedia,  95,  O. 
lyroides,  96,  O. 
DiCRANOPORA,  78. 

em&cerata,  Ptilodictya,  61,  E. 

fragilis,  Ptilodictya,  83,  E. 

internodia,  Ptilodictya,  71,  K 

lata,  78,  E. 

nitidula,  Ptilodictya,  88,  E. 

Trentonensis,  78,  D. 
DiPLOCLEMA,  95. 

Trentonense,  93,  D. 
DiPLOPORA,  56. 

bifurcata,  95,  O. 

biserialis,  95,  O. 
DiSCOTRYPA,  78. 

devonica,  90,  K. 

elegans,  Chaetetes,  71  ,  E. 
Enallopora,  16. 

cinctosa,  Mitoclema,  78,  D. 

perantiqua,  Gorgonia,  18,  D. 
Eridopora,  78. 

macrostoma,  78,  O. 

minima,  90,  K. 

punctifera,  78,  O. 

ESCHAROPORA,  13. 

angusta,  71'',  G. 

recta,  13,  D. 

recta,  var.  nodosa,  13,  D. 

EURYDICTYA,  95. 

Calhounensis,  95,  D. 
montifera,  95,  E. 
Sterlingensis,  95,  E. 

62 


Euspnx)PORA,  95. 

Barrisi,  95,  L. 

serrata,  95,  L. 
Evactinopora,  86. 

grandis,  40,  O. 

quinqueradiata,  95,  O. 

radiata,  86,  O. 

eexradiata,  40,  O. 
Favicella,  98. 

inclusa,  Thallostigma,  78,  L . 
Fenestblla,  6. 

acmea,  62,  G. 

acuticosta,  29,  G 

adomata,  93,  H. 

Adraste,  82,  H. 

sequalis,  74,  K. 

flBsyle,  82,  H. 

albida,  98,  O. 

albida,  var.  Richfieldensis,  95,  O. 

AlthsBa,  82,  H. 

angulata,  74,  K. 

angustata,  87,  L. 

anonyma.  74,  K. 

aperta,  93,  O. 

arctica,  21,  P. 

aspectans,  87,  L. 

assita,  87,  L. 

banyana,  27,  O. 

bellistriata,  716,  G. 

bicomis,  85,  F. 

bifurca,  90,  K. 

bifurcata,  89,  L. 

bigeneris,  90,  K. 

biimbricata,  74,  K. 

biseriata,  74,  K. 

biserrulata,  74,  K. 

brevilinea,  87,  L. 

Burlingtonensis,  95,  O. 

cavernosa,  90,  O. 

Cestriensis,  95,  O. 

cinctura,  74,  L. 

cingulata,  95,  O. 

clathrata,  98,  K. 

Cleia,  82,  H. 

conferta,  71b,  G. 

confertipora,  93,  K. 

coronis,  82,  H. 

corticata,  24,  P. 

crebripora,  52,  H. 

cribrosa,  20,  G. 


Udo 
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(  J^NBSTELLA,  cultrata,  74,  K, 
curvata,  87,  L. 
curvijunctura.  74,  K, 
cyliadracea,  74,  K. 
Davidsoni,  55,  L. 
delicata,  43,  O. 
depreeaa,  74,  K. 
delata.  38,  L. 
Jiepanda.  03,  K. 
elegans,  20,  G. 
elevatipora,  95,  O, 

erecdpora,  74,  K. 
exigua,  9S,  O. 
eximia,  87,  L. 
esoniata,  87,  L. 
fllistriata,  S6,  O. 
fliiteita.  87,  L. 
flexuosa,  06,  O. 
foliata,  94,  O. 
fUDicula,  95,  O. 
groDifera,  14,  K. 
granulosa,  67,  E. 
hemitrypa,  27,  O. 
Herrickana,  B4,  O. 
Eestia,  87,  H. 
IdalU,  52,  H. 
inaequalia,  95,  0. 

inttriiiedia,  24,  O, 
interrupta,  74.  K. 
jimceuB,  82,  H. 
latijuiictura,  74,  K. 
la  I  [trim  pa  Ca,  87,  L. 
limbatH.  71,  O. 
lioeanoila,  74,  K, 
luntilata,  74,  K. 
Lyolli,  40„,  O, 
magnificn,  48,  K, 
maroida.  &7,  L. 
marginalis.  48,  K. 
Mfekana,  94,  O. 
mimicfl,  95.  0. 
modeata,  95.  O. 
multiple):,  87.  L. 
uiiiUJHpi[iosa,  95,  O. 
noilosa,  OS.  L, 
NorwoodaiiB,  24,  O. 
parallella.  74.  K. 
ppL-iiliaris.  82.  K. 
parvulipora,  62,  G. 


FsNEeTfiiXA,  iMttellifera.  90,  B 
perelegans,  43,  P. 
periuarginata,  74,  K. 
perminula,  95.  O. 
perplexa,  74,  K. 
pertenujs,  7l6,  G. 
pfailia,  83,  H. 
planiraoioea.  87,  L. 
plebeia,  83,  P. 
Popeana,  94.  R. 
priaca,  8,  F. 
proceritas.  88.  K. 
prolixa,  71"  ,  Q. 
Proutana.  76,  K. 
pulcheila.  94.  K. 
puncU>-9triata,  83,  G. 
quadraogula,  87,  L, 
quadrula.  83,  B. 
rpgalis,  94,  O. 
remota,  95,  O. 
rudis.  95,  O . 
Hculptilis,  9(1,  K. 
semirotunda,  74,  K. 
aerrata,  74,  K. 
serratula,  94,  O. 
Sevmensis,  94,  0. 
ShuBoardi,  24,  P. 


Spio,  95.  H . 
st*.||ata,  74,  K. 
Bubflfxuosn,  B4,  O. 
stibretifijrmi!!,  S).  P, 
Bubatrial.i,  'A.  K. 
subtortilii*,  !^7,  L. 
SjlTii     >  n. 
Tantalus   "l'',  Q. 
tenax  95  O. 
tenella  U3   K. 
tenuis   20   F. 
Thjeni  H     U. 
torta.  74,  K. 
tubercuiata,  2-1  K. 
triluherculalii,  w:l,  T. 

variopira,  74,  K, 
vera,  95,  L. 
verrucom,  83,  K. 
virgcwa.  30.  I'. 
\Vuill.L'i)i.  a».  0. 
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Fenbstralia,  24. 

St.-Ludovici,  24,  O. 

St.-LudovicJ,  var.  compacta,  95, 0. 
Fenestrapora,  89. 

biperforata,  89,  K. 

infraporosa,  90,  K. 

occidentalis,  95,  L. 

FiSTCLIPORA,  14. 

acervuloea,  89,  L. 

astricta,  95,  L. 

carbonaria,  84,  P. 

collina,  95,  L. 

commuDis,  95,  L. 

compreesa,  88,  0. 

confertipora,  Thallostigma,  78,  L. 

constricta,  Lichenalia,  78,  L. 

corrugata,  95,  L. 

crassa,  80,  L. 

decipiens,  Thallostigina,  78,  L. 

densa,  78,  L. 

digitata,  73,:L. 

Eriensis,  88,  L.* 

excellens,  84,  O. 

Foordi,  9"»,  L. 

Halli,  88,  G. 

helios,  88,  K. 

hemispherica,  78,  L. 

incrassata,  47,  L. 

intercellata.  73,  K. 

involvens,  95,  L. 

labiosa,  37,  L. 

lamellata,  73,  K. 

lens,  67,  E. 

lon^imacula,  73,  L. 

micropora,  b7,  L. 

minuta,  38,  L. 

monticulata,  95,  L. 

multiaculeata,  87,  L. 

nodulifera,  43,  P. 

normalis,  90,  K. 

occidens,  45,  N. 

Oweni,  85,  E. 

parasitica,  71'',  H . 

prolifica,  84,  O. 

proporoides,  71<^,  L. 

ponderosa,  53,  H. 

SafTordi,  37,  L. 

scrobiculata,  87,  L. 

Fegre^^ata,  87.  L. 

serrulata,  87,  L. 


FiSTUUPORA,  solidissima,  67,  E 

spergenensis,  88,  O. 

spheroidea,  87,  L. 

spinulifera,  88,  L. 

stellifera,  88,  L. 

subtilis,  87,  L. 

sulcata,  88,  L. 

triangularis,  87,  L. 

trifaria,  98,  L. 

trifolia,  88,  O. 

triloba,  98,  H. 

umbilicata,  87,  L. 

unilinea,  98,  L. 

utricula,  88,  L. 

variopora,  87,  L. 

tuberculata,  27,  O. 
Qlauoonomb,  8. 

bellula,  95,  O. 

carinata,  87,  L. 

curvata,  94,  0. 

flexuosa,  95,  O. 

intermedia,  94,  O.] 

minor,  94,  O. 

nereidis,  50,  P.] 

nodata,  74,  K. 

simulatrix,  95,  O.  J 

sinuosa,  74,  K. 

subangulata,  94,  O. 

tenuiramosa,  94,  O.' 

tenuistriata,  94,  K. 

trilineata,  48.  P. 

Vinii,  94,  K. 

Whitii,  946,  O. 

Youngi,  94,  O. 
Glossotrypa,  93 

paliformis,  78,  K. 

GONIOTRYPA,  95. 

bilateralis,  95,  E. 
GRAPTODicrrYA,  78. 

nitida,  78,  E. 

perelegans,  68b,  E. 
Hederblla,  87. 

Canadensis,  45a,  K. 

cirrhosa,  87,  L. 

conferta,  87,  L. 

filiformis,  25,  L. 

magna,  87,  L. 
Helicopora,  79. 

latispiralis,  79,  G. 

Ulrichi.  79,  K. 
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nsuoTRypi,  83, 

Wfolia.  83.  O. 
Hklopora,  30. 

armatJi,  8B„.  E. 

beElulu.  3Sn,  B. 

Circe,  30",  E. 

divaricaU,  93,  D. 

formosft,  85",  E. 
fragilJB.  20,  F. 
irreitularis,  HB",  E. 
imbricaia.  Q5,  E. 
lioeatB,  Sfta,  E. 
liniopora,  86q.  E. 
nodosa,  86°,  E. 
Bpiniformia.  76,  D. 
Btriatopora,  36a,  E. 
Btiigoea.  36",  E. 
vaiiopcra,  38a,  E- 
Hkmitktpa,  S. 
impera,  95,  O. 
biordo,  98,  K. 
biserialifl,  ^l^  H. 
coliimellata,  93,  E. 

^cribrosa,  98,  E. 
favoBa,  73.  K. 
nodosa,  78,  O , 

patfriformiB,  B.'l,  0. 

piTHiriuta,  96.  O. 

plumosa.  24.  O, 

Proiitana,  9D,  O. 

Proutana  var.  nodulaia.  95,  O. 

Proutana  var.  vermitera,  95,  O. 

lenera,  35,  L. 

Ulrk-lii,  9^,„  F. 
Hersodia,  87. 

huraifuaa.  87,  L. 
Hetbrodiciva.  55. 

Kigantea,  55,  O. 

HOMOTRYPA,  78. 

arbuectila,  95.  D. 
curvata,  78,  E, 
exilia.  93,  D. 
flabellaria,  95,  E. 
gelatinoaa,  95,  E. 
infligniR,  92.  D. 
Mloiiesot^iisifi,  93,  D. 
obliqiia,  78,  E. 
Bubramosa,  93,  D. 


HOMOTRYPKLLA,  93. 

cont^sta,  05.  E. 
granulifera.  78.  D 
instabiliB,  92,  D. 

ICHTHYORACHIS,   11. 

Nereis,  Si.  H. 
ImoTKTPA,  83. 

parasilioa,  83,  O. 

I.STRAPORA,  74. 

puteolata,  74.  K. 
Ibotrypa,  89. 

coDJunctiva.  73,  E. 

coDdimilia,  89,  K. 
Labscbia.  17. 

moDtifera,  90,  E. 
Leioclbma,  7S. 

aran^uu,  95,  O. 

foliatum,  95,  O. 

gracillEmum,  9S.  O. 

minutiseimum,  57,  L. 

punctAtum,  36.  O. 

Bubglobosum,  95,  O. 

Wachsmuthi,  95,  O. 

WiliuingtoneiiBis,  bS,  E. 
Lkptotrypa,  S4. 

clavacoidea  51 

da  via  78  E 

cortP      "''   E 

X  !,    «     ft    r 

m  □   in  7-'   E 
o  nate     ^  E 
Be      p  lar  B   0     F 
St  dl  am     OS   E 

Li  HESALiA  ao 

alter  atd     4   k 
Utrata     i   K 
Iiulata  91  L 
car    ata  74   K 
clyi  e  for         8     L 
coll  culala  87   L 


coat  aa  9^  L 
conulata  4  E 
comuta  98  L 
crassa  1  l{ 
ct  Btarea  4  k 
euttellata   8     L 


Genera  of  the  North  Amerioan  Palaeozoic  Bryozoa.   493 


LiCHENALlA,  dissimilis,  82,  H. 
distans,  82,  H . 
foliacea,  87,  L. 
geometrica,  98,  K. 
imbricella,  87,  L. 
maculosa,  87,  H. 
operculata,  98,  L. 
ovata,  93,  K. 
permarginata,  74,  K. 
pustulosa,  98,  L. 
radiata,  74,  K. 
ramosa,  93,  L. 
serialis,  93,  H. 
stellata,  87,  L. 
subcava,  74,  K. 
substellata,  74,  K. 
subtrigona,  98,  L. 
tessellata,  93,  L. 
torta,  82,  H. 
tortuosa,  82,  U. 
vesiculata,  98,  L. 

LiCHENOTRYPA,  90, 

cavernosa,  90,  K. 

longispina,  78,  K. 
LOCUUPORA,  93. 

ambigua,  62,  G. 

circumstata,  93,  K. 

perforata,  87,  L. 
Lyropora,  22. 

cinctura,  89,  L. 

divergens,  95,  O. 

lyra,  23,  O. 

ovalis,  95,  O. 

quincuncialis,  22,  O. 

ranosculurn,  95,  O. 

retrorsa,  40,  O. 

subquadrans,  22,  O. 
Meekopora,  95. 

aperta,  95,  O. 

approximata,  95,  O. 

clausa,  84,  O. 

eximia,  95,  O. 
Nemataxis,  93. 

fibrosus,  93,  K. 

simplex,  93,  L. 
Nematopora,  95. 

altemata,  95,  D. 

delicatula,  95,  D. 

(juadrata,  95,  D. 

retrorsa,  95,  D. 


NiCHOLSONELLA,  95. 

cumulata,  95,  E. 

ponderosa,  95,  D. 
Odontotrypa,  98. 

alveata,  78,  K. 
Orthopora,  98. 

bispinulata,  87,  L. 

regularis,  52,  K. 

omata,  98,  L. 

reticulata^  98,  L. 

rhombifera,  52,  K. 

scutulata,  78,  K. 
Pachydictya,  78. 

concilitriz,  92,  D. 

Everetti,  95,  D. 

fimbriata,  92,  D. 

firma,  95,  E. 

follata,  92,  D. 

gigantea,  95,  E. 

occideDtalis,  92,  D. 

robusta,  78,  D. 

splendens,  95,  E. 
Paleschara,  52. 

amplectans,  62,  L. 

bilateralis,  82,  U. 

concentrica,  98,  H. 

incrassata,  62,  G. 

incrustans,  52,  H. 

intercella»  87,  L . 

maculata,  62,  G. 

offula,  62,  G. 

pertenuis,  87,  L. 

radiata,  82,  H. 

reticulata,  87,  L. 

Saphserion,  62,  G. 

tenuis,  93,  H. 

variacella,  87,  L. 
Petalotrypa,  95. 

compressa,  95,  L. 

delicata,  95,  L. 
Petigopora,  78. 

asperula,  88,  E. 

gregaria,  83,  E. 

petechialis,  61,  E. 
PnACELOPORA,  95. 

constricta,  95,  D. 
pertenuis,  95,  D. 
Ph^nopora,  20. 

constellata,  20,  F. 
ensiformis,  20,  F. 
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^^^^B«N0i>ORA,  exceUeos.  3Ha,  E. 

POLYPORA,  Hallana,  28,  O. 

^^^V       eipanna,  G4.  G. 

Hamiltonensifl,  £fl.  L. 

^^V       explsneta,  !0,  F. 

heiagonalis,  "3,  K. 

^^"         multipora,  19.  D. 

tenuis,  63,   H. 

73.  K. 

PHEiOTOPOKi.  78. 

idolhea,  71''.;H. 

crietata.  73,  K. 

imbricata,  SO.  K. 

eriatata,  var,  lineatu,  UB.  K. 

[mpr«Bsa.l94.  0. 

Pbyllodictta,  78. 

inwpte,  £0,  a. 

frondosa,  78,  D. 

intermedia,  24.  K. 

^^    FHYLLOrOBA.  Ifi 

tfeviiiodata,  73.  K. 

^^L          aspera,  05,  K. 

iBETlBtriflU,  82.  K. 

^^H         auperba.  OS,  L. 

largjgsima,  73.  K. 

^^KiPlLltOTRYPA,  63. 

lilrea,  52.  H . 

^^K        clivulata,  78,  K. 

Maccoyana.  M.  0. 

megaslotna,  34.  P. 

^^1        grantfeTa,  73.  K. 

luesicana,  24.  B, 

^^H^      pyrirormie,  73.  K. 

niutabUia,  78,  K. 

^^HlMiCOTBVPA.  80. 

nexa.  73.  K. 

^^M      elPgaus,  SB.  L. 

nodocarinata,  t5.  P. 

^^^froLYPOIU,  11  , 

ohliqua.93.  H. 

^^BT      ucuWaU,  73.  K. 

papillata.  (2.  P. 

^^H       adnaU.TH,  R. 

paxillats,  71b.  H. 

^^H         AlbionciiBie,  t<6.  G. 

peracgulatA,  73.  K. 

^^H        approximaU,  BS,  0 . 

perundata,  78.  K. 

^^H       ArkoaetiNs.  70,  L. 

poTOsa,  78.  K. 

^^P       Brta.71'-,H. 

prDprift,  78.  K. 

^^^        biaeriala.  05,  O. 

Payche.  51. 

blHii.il.l;..'.lli,  K. 

l,ii!..li^Ua.  !7.  K 

brevisulcalu,  7^!,  K. 

quail  run  j;ii|«ri'-.  Til,  K. 

Bilrliiife'tciii.-[iMH.  '.).".,  O. 

raiiialis.  W,  ", 

cariiiellii.  1>:!.  K. 

retronia.  n^.  (». 

eelfiipora,  "a,  K. 

risida,  3B.  K, 

Cesirii-tij-b. '.15.  0, 

roliuatn,  03,  K , 

couipacla,  Ti'',  H, 

rusliua,  H:i.  K, 

comi,la.,Hla,l'.-.,0. 

compre-ia,  7l'',II. 

ShimmiiU,::.!.  K. 

wrticosa.  95.  O. 

einuilatrix.  It:,.  O. 

creU-at-ens,  03,  K. 

spill  11 11  ftr a,  iri,  n. 

trassa.  B3,  v. 

strftKuln. -W,  ?. 

CTiUfVata.  73.  K. 

stri.-it<iprifTt.  TH.  K, 

.listiiti^.  73.  K. 

sirii'lii.  U:;.  !l. 

Pl,.gans.:5i.  H. 

sulimiirKiMuUi.  i:!,  V. 

(■I(nij;ata.  74.  K. 

BiiljniiiCn.-,  7:!.  K. 

Krimilim'n,  73.  K. 
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Prismopora,  74. 

dilatata,  87,  L. 

lata,  98,  L. 

minima,  95,  P. 

paucirama,  74,  K. 

serrata,  61,  P. 

serrulata,  84,  O. 

sparsipora,  78,  K. 

triquetra,  74,  K. 
Protocrisina,  95. 

exigua,  95,  D. 
Proutella,  95. 

discoidea,  28,  O. 
Ptilodictya,  6. 

bipunctata,  80,  Q. 

Briareus,  78,  D. 

canadensis,  86^,  E. 

dictyota,  46,  O. 

falciformis,  61,  E. 

fenestelliformis,  61,  E. 

fiagellum,  61,  E. 

gladiola,  86^,  E. 

Hilli,  78,  D. 

libana«  41,  D. 

lirata,  52,  H. 

maculata,  78,  E. 

magnitica,  71,  E. 

Meeki,  47,  K. 

nebulosa,  52,  H . 

parallela,  93,  L. 

pavonia,  16,  E. 

plumaria,  77,  E. 

plumea,  93,  L. 

punctata,  49,  F. 

raniosa,  78,  D. 

retiformis,  93,  L. 

scutulata,  87,  L. 

subrecta,  92,  D. 

sulcata,  36«,  E. 

superba,  36«,  E. 

tarda,  51 . 

triangulata,  69,  P. 

variabilis,  95,  E. 

Whiteavesi,  95,  E. 
Ptilopora,  11. 

acuta,  95,  O. 

cylindracea,  95,  O. 

infrequens,  93,  L. 

nodosa,  87,  L. 

paupcra,  95,  O. 


Ptilopora,  Prouti,  26,  O. 

striata,  87,  L. 

valida,  95,  O. 
Ptiloporblla,  98. 

insequalis,  98,  K. 

laticresoens,  98,  K. 

nervata,  61,  G. 
Ptiloporina,  98. 

conica,  98,  K. 

disparilis,  98,  K. 

pinnata,  98,  K. 

sinistralis,  98,  K. 
Ptilotrypa,  95. 

obliquata,  95,  E. 
Ramipora,  59. 

Hochsteteri,  59,  P. 
Reptaria,  18. 

nodata,  87,  L. 

penniformis,  87,  L. 

stolonifera,  18,  L. 
Reteporina,  16. 

coalescens,  98,  K. 

Hamiltonensis,  89,  L. 

perundulata,  87,  L. 

PhiUipsi,  48,  K. 

prisca,  58,  L. 

rhombifera,  78,  K. 

striata,  87,  L. 
Rhinidictya,  78.   . 

granulosa,  93,  H. 

Nicholsoni,  78,  D. 
Rhinopora,  20. 

curvata,  91,  G. 

froudosa,  54,  G. 

tuberculosa,  20,  G. 

tubulosa,  20,  F. 

venosa,  85,  F. 

verrucosa,  20,  F. 
Rhombopora,  48. 

armata,  84,  O. 

asperrima,  95,  O. 

attenuata,  95,  O 

crassa,  84,  P. 

decipiens,  95,  O. 

dichotoma,  95,  O. 

elegantula,  84,  O. 

exigua,  95,  O. 

gracilis,  95,  O. 

incrassata,  94,  O. 

lepidodendroidea,  48,  P 


1 

Rhohbopora,  Ohioensis,  94.  0. 

Spatiopoba.  nioniifpni,  83 

E..H 

tuberculala,  17,  E. 

H 

pulchrila,  M,  0. 

Sphrahiopora,  95. 

^1 

paraaitica,  S5,  0. 

^H 

apiraliB,  9&,  O. 

8T1CTOP0RA.  13. 

aubaimulata.  B5.  L. 

acuta,  13.  D. 

^^1 

eulciferft,  &n,  L. 

Alcyone,  35„.  E. 

^H 

tabulata,  05,  0. 

alternata,  03,  H. 

^^1 

tenulrama.  OS,  0. 

angularw.  93.  L. 

^H 

tranaversnlis,  05,  0. 

arguta,  86",  E, 

^^1 

varia,  05,0. 

baaaliB,  78,  D. 

^^1 

Wortheni,  84.  O. 

bifurcata.  80.  Q. 

^H 

Rhopalomahia,  Tl". 

^^1 

venosa.Tl",  E. 

cnrbonaria,  43.  P. 

^^1 

Saqrnilla,  30. 

^H 

ambigua.  E. 

crasea.  20.  F 

^H 

elegana,  BJ,  0. 

crescena,  03,  K, 

^^1 

membranacea,  SO,  G. 

^H 

ScALARIPOnA,   74. 

divergens,  83,  L. 

^H 

approximata,  U6,  L. 

^H 

scalariromiia,  74,  K. 

fidelis.  93,  D. 

^H 

separata,  bS.  L. 

fruticosa.  74.K. 

^1 

subconcava.  74,  K. 

glomerata,  13,  C. 

^H 

SCENBLUDPOHA.  78. 

grauatiila,  93,   H. 

^H 

radiata.  73,  D. 

granitera,  87,  L. 

^1 

SCBPTBOPOBA,  04a. 

^H 

facula,  94",  E. 

incisurala,  87.  L, 

^1 

Selknopora.  03. 

incrasBata,  87.  L, 

^ 

r-m-Liu-t.1,  73,  K. 
coniiilesa,  73,  K. 
;M[i.tiscisn'.M,  27. 
EHeiisi',  37.  K. 
oblii|UntuiTi.  '."I.  K, 


liisUnmalii,  87.  L, 
Septopiiha,  27. 

C.*lri^rsis.  37,  O. 
ilei^ipiens.  Ofi,  O. 
ilflicalula,  OS,  O. 
robusita.  B.'d,  P. 
sub<iuailranrt,  05,  O. 

SPATiOPORA.  78. 


?ola1a. 


,  D. 


anpera.  a3,  E. 
lineata.  83.  E. 
muaculosa,  63.  E. 


Uib\riiiiliic 

,  1.). 

lhi.:,lil,  !H, 

.. 

linr'iirJK.  74 

K. 

lulinlH.  !t3, 

magna,  r.4, 

G. 

imilUMUa,  !■ 

iiiiUalilliii,  1 

i.  )l 

oliBOleta.  '.>; 

II. 

Drbiporu, 7 

'■-  1! 

ovalH.  03,  L 

ovjiUjiorii,  " 

4,  K 

pHlmijK'H,  a 
papUlr.su,  8 

,  11. 

paupf  ra.  ilU 

u, 

perarc'tu.  74 

K. 

pi"rniargin: 

Ul.  s 

punutipora 

20,  1 

ramoMa,  13, 

D. 

raripora,  20 

F. 
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Stictopora,  recta,  98,  L. 

rectilinea,  93,  L. 

recubans,  87,  L. 

rhomboidea,  74,  K. 

rigida,  74,  K. 

rustica,  36«,  E. 

scitula,  93,  Q. 

semistriata,  74,  K. 

similis,  62,  G. 

sinuosa,  62,  L. 

striata,  87,  L. 

subrigida,  98,  L. 

sulcata,  87,  L. 

tenera,  85a,  E. 

trilineata,  98,  L. 

tumulosa,  93,  L. 

Vanclevii,  83,  G. 

variabilis,  89,  K. 

vermicula,  93,*K. 
Stictoporella,  78. 

angularis,  90,  D. 

baealis,  95.  O. 

cribrosa,  90  D. 

frondifera,  90,  D. 

interstincta,  IS,  E. 

undulata,  95,  O. 
Stictoporina.  93. 

claviformis,  73,  L. 
Stomatopora,  2o  . 

alternata,  45,  N. 

auloporoides,  61,  E. 

confusa,  61,  E. 

frondosa,  61,  E. 

inflata,  13,  D. 

nexilis,  53,  E. 

pertenuis,  i<2,  D. 

Proutana,  76,  E. 
Streblotrypa, 95. 

denticulata,  95,  O. 

distincta,  95,  O. 

Hamiltonensis,  48,  L. 

Hertzeri,  94,  O. 

major,  95,  O. 

multiporata,  94,  O. 

Nicklesi,  95,  O. 

obliqua,  94,  O. 

radialis,  95,  O. 

regularis,  94,  O. 

striata,  94,  O. 

subspinosa,  95,  O. 


63 


Strotopora,  95. 
dermata,  95,0. 
favolata,  85,  O. 
perminuta,  95,  K. 

SUBRETEPORA, 16. 

angulata,  20,  G. 

aspera,  13,  C. 

asperato-striata,  20,  G. 

clathrata,  71,  E. 

corticoea,  92,  D. 

Dawsoni,  95,  D. 

dichotoma,  20,  G. 

fenestrata,  18,  D. 

gracilis,  18,  C. 

iacepta,  18,  O. 

reticulata,  18,  D. 

Trentonensis,  55,  D. 

variolata,  78,  E. 
SULCOPORA.  16. 

fenestrata,  13,  C. 
Synocladia,  15. 

biserialis,  28,  P. 

rectistyla,  74 „  O. 
T^NIODICTYA,  95. 

cingulata,  95,  O. 

frondosa.  95,  O. 

interpolata,  94,  O. 

ramulosa,  95,  O. 

ramulosa,    var.    BurliDgtonensis, 
95,0. 

subrecta,  95,  O. 
T-ENIOPORA,  48. 

exigua,  48,  L. 

occideDtalis,  95,  L. 

penniformis,  48,  L. 
Thamniscus,  15. 

Cisseis,  82,  H. 

diflfusus,  20,  G. 

fruticella.  J=«2,  H. 

divaricans,  95,  O. 

furciilatus,  95,  O. 

multiramus,  74,  K. 

nanus,  74,  K. 

Niagarensis,  62,  G. 

Nysa,  82,  H . 

octonarius,  96,  P. 

pauriranius.  87,  L. 

ramulosus,  95,  O. 

ramulosus,  var.  sevillensis,  95,  O. 

variolata,  83,  H. 
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Thamniscus,  -culptiliB,  95,  0. 

Trbuatopora,  punctata,  SO, 

THAMNOTRTPi,  B3. 

priiuigrnia,  93.  D. 

divaricattt,  78,  K. 

reotilinea,  74,  K. 

Tbematblu,  83. 

Botida,  20.  a. 

Bparea,  30,  G. 

atborea,  7*.  K. 

Bpiculata,  G . 

((lomerata,  63,  K. 

DodoBa.  93.  L. 

striata,  30,  0. 

pefBpinulata.  73,  L. 
Trematopora  ,  20 . 

subimbricata,  71o.  O. 

Bubquadrata,  S7,  L. 

'                                         ftui  eric  ana,  O. 

Buperba,  SSu.  F. 

annulifera,  67,  E. 

tortolinea.  87,  L. 

aonulata,  var.  proDospina,  74,  K. 

transversa,  87.  L. 

BBpcm.  SO,  G. 

tuberculoma,  30.  G. 

aulloporoidea.  85;  D. 

tubulofla,  20,  G. 

canaliculata,  83,  H.' 

varia.  63.  G. 

carinata.  OS,  L. 

variolata,03.  G. 

cottlesoens.  SO.  G. 

vesiculosa,  36,  0. 

corlicosa.  B3.  H . 

Whitfieldi,  83,  6. 

crebipora,  71*,  G. 

TrOPidopoea.  0.i. 

debiliK,  25.  D. 

nana,  93,  K. 

densa,  fi2,  H. 

Unitrypa,  SB. 

ecliinata,  63,  G. 

acaulis.  74.  K. 

elongatB,  03,  L. 

aoaulia,  var.  inclinis,  98 

fragilis,  85,  O. 

acdivio,  93,  E. 

biaerialiB,  87,  H. 

^^■^^^^^^b     Kranulata, 

conferta,  00,  K. 

1^^^^^^^^^^      granuMfera,  20,  G. 

consimilw,  98,  K. 

enii:,33,< 
ln-.vaguiia.  ua  L, 
inimersa,  Ha.  L. 
infrJ<|ll.'ns,  62,  (! 
inUTplfinii.  9y,  !.. 
lineatH.  W.i.  L. 
niavrujiora.  71'',  C 

nilitla.  9.%  E. 
nodoBa.  93,  H . 
or\jipf>Ta.  »7.  L. 

nBcuhiHi,  flj,  O. 
ovatiporH,  82,  H^ 
parallela,  SU.  H. 
porsjiiniiliitft,  f7,i, 
lidlyKoiiB.  87,  h. 
ponderosa,  87,  H 


faitij,Mta.  7:1.  K  „ 
fil'tieius,  93.  K. 
lata,  lii.  K. 


prafcuraor.  .I'i,  H. 
pertwlfiBfl.  7a.  K, 
proji'ut:!,  (tIS.  K. 
retrorsu,  nn,  K. 
HtiilariB.  1^7.  L. 
Btipata,  73,  K. 
legulfitsi,  Ti.  K. 
triinsvi-rsii,  i3,  K. 

WrtRTHENLM'Ulii,  91. 

spaliihiLa,,  37.  U, 
8]lillOt«l.  if'i.  O. 


Descriptions  of  Families  and  Genera. 


Family  Fenestellidae,  KiDg. 

All  the  members  of  this  family  are  reticulate,  funnel  or  fan 
shaped,  and  are  composed  of  slightly  diverging  bifurcating 
branches,  either  rigid  and  connected  by  cross  bars  (dissepiments) 
which  are  formed  by  opposite  projections  from  adjacent 
branches,  uniting  midway  between  the  branches,  or  sinuous 
and  connected  at  intervals  by  anastomosis;  in  both  cases  the 
frond  being  perforated  by  symmetrically  disposed  quadrate  or 
oval  spaces  (fenestrules).  The  cells  are  short  utricular  and 
arranged  in  two  or  more  series,  on  one  side  of  the  branch  only. 
The  cell  apertures  are  usually  circular,  surrounded  by  an  eleva- 
tion (peristome).  The.noncelluliferous  face  of  the  frond  is  com- 
posed of  a  more  or  less  thick  stratum  of  calcareous  fibrous  tissue, 
which  is  perforated  by  minute  lubuli,  rectangularly  to  the  surface, 
and  in  some  forms  by  larger  thick  walled  tubes,  the  use  of  which 
is  not  known.  The  surface  is  usually  striated  and  ornamented  by 
granules,  nodes  or  spinules.  These  features  in  aged  fronds  are 
usually  obscured  or  obliterated  by  a  calcareous  deposit ;  the  dif- 
ference in  appearance  between  the  older  and  more  recent  por- 
tions of  the  frond  being  very  marked. 

The  following  genera  are  included  in  this  family:  Anastomo- 
roKA,  Arohimedks,  Arohimkdipora,  Cyolopobinta,  Fhnestblla 
and  its  groups,  Fenestralia,  Fenestbapora,  Flabbliipokina, 
Helkjopoka,  IIkmitrtpa,  Isotrypa,  LocuLiPOBA,  Lybopoba,  Lybo- 
poRiDRA,  Lyroporina,  Lyroporella,  Phyllopoba,  Polypoba,  Poly- 

PORELLA,    PtILOPORA,    PtILOPORELLA,    PiILOPORINA,    PlNNAPORELlA, 

Piwnaporina,  Retepobilla,    Reteporina,    Synooladia,   Sbmioos- 
ciNiuM,  Tectulipora,  Teotuliporella  and  Unitrypa. 

Several  of  these  genera  have  been  placed  by  authors  under 
other  families  or  subfamilies  but  they  are  so  intimately  connected 
and  the  change  from  one  form  to  another,  through  intermediate 
forms,  is  so  gradual  (as  shown  in  the  article  on  the  "  Genera  of 
Fenestellida}"  in  the  Annual  Report  of  the  State  Geologist  for 
1893)  that  a  separation  into  different  families  does  not  seem  ad- 


Rkpokt  ( 


misiible.  Thua  Fkn^btklla  and  Poltpoba  have  been  placed  i 
different  families,  yet  both  forms  very  gradually  merge  into  tl 
genus  PoLTPORKLLA,  A  full  discussion  of  the  different  genera  wi 
be  found  in  the  paper  above  referred  to. 

All  the  forms  have  a  general  resemblance  to  Fekesteli^  an 
are  separated  from  it  by  the  number  and  disposition  of  the  ce 
apertures,  difference  in  the  structure  beyond  the  celluHferoi 
face,  mode  of  growth,  etc. 

Fenkstblla,  Miller.  ^^H 

Type,  Fetieetella  anti'jiia,  Miller.  ^H 

(Pl«(o«.llKe.  i-ir.)  ^^ 

This  genus  was  first  proposed  in  manuscript  by  J.  S.  Mille 

of  Bristol,  England,  but  the  Krst  published  description  of  it  wa 

given  by  W.  Lonbdals  in  Murchison'e  Silurian  System,  Pt.  1, 

p.  077.     1839. 

DitoNosn.  A  ramose,  calcareous  bryozoum,  forming  cu 
shaped  or  funnel  shaped  expansions ;  branches  bifurcating  an 
connected  by  apparently  solid  dissepiments;  cell  aperture 
occurring  on  one  side  of  the  branches;  arranged  in  two  paralN 
rows,  which  are  separated  by  a  carina  or  row  of  nodes.  Rovers 
side  consisting  of  a  stratum  of  ffbroid,  calcareous  tissue,  wlud 
is  trivorscil  liy  numerous  minnfe  tiibiili,  ;it.  rii:lit  anple.^  to  th 
surl'iice.     For  ilhisLratinns  of  tlii.s  j,^erui:i,  see  I'liite  '2. 

The  species  of  this  f,a>Tius  have  been   phif-e.l   in   the  foUowin 
groups  iKised  u]")n  llie  ehanuacr  of  the  eiirinjt, 
(iroup  '/,    fur  forms  with  low,  smooth  carimi. 
(Iroiip.r,    for  the   forms  with  a  range  of  nodes  between   tli 
cell  iipertiires.  or  a  low,  nodose  earina. 
for  forms  with  very  prominent,  ei|ual.  thin  carinie. 
lor  forms  liiving  carina-  expanded  tnidway  of   tliei 
lieiirln,  then    contracting,  the  c.\|ianiieil   pm-iio 
liaving  nudes  on  its  mar^'ins. 
fiu'  forms  witli  ])romincnt  carina',  Miinniiis  expaiidei 


(iroup  ; 
Group  ■ 


(■roup 


margins  snn)oth. 
(irouj)  ;.    for   forms  with   prominent  carina'.  e> 

summit,  margins  nodose. 
<ironp',-    for  forms  with   prominent,  modenue 

havino;   conspicuous    lateral    pioji 

summit.     [Fenesti'Ua  pefj'U'.ra.} 


at   ih 
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Fig».K,S!,aroup,9.    Ffg>.  M,  3^  Oronp  J-,    Ftg«,  a(.!l7,Oroiip5.    HgL  39-11.  Oroup;. 


POLTPOBELI.4,  SitOpSOB. 

{Rep.  of  State  Geologist  for  1893,  p.  700. 
Type,  Polyporeila  JiMul-aia,  HaU  (sp.). 
(Plate  1,  8g8.  9,  10.) 
Zoariuin  having  the  same  general  aspect  as  FKfTKSXELLA.     C« 
apertures,  on  the  narrower  portion  of  the  branches,  disposed 
two  parallel  rows,  with  or  without  a  dividing  ridge;  on  the  wid 
portions  in  three  and  occasionally  four  rows. 

This  genus  is  intermediate  between  Fsnkstklla  and  Poltpoi 

and  was  constituted  to  include  those  forms   which  might   wl 

propriety  be  included  in  either  genus.  ^h 

PoLTPOHA,  McCoy.  ^H 

(Carb.  Foss.  of  Ireland,  p.  206.    1845.)  ^ 

Type,  Polypora  dendroides,  McCoy. 

{Plata  1,  Bg4.  13-15.) 
Bryozoum  having  the  same  manner  of  growth  and  gener 
aspect  as  Fbukbtklla,  but  having  the  cell  apertures  disposed 
three  or  more  ranges,  entirely  covering  the  celluliferous  face 
the  branches,  which  are  without  a  median  keel  or  carina. 

Flabsllipo BELLA,  Simpsou. 

(Ann.  "Ropt.  State  GooJogisL  of  N.  V.  for  isn.3,  p.  7n3.     Ifift. 

Type,  l" labelliporeUa  li/wa,  Hall  (sp.). 

Zoarium  consisting  of  ramose  flabellate  or  fan-shaped  exp;i 
sions.  Branches  slender,  bifurcating,  connected  by  dissepimeni 
Celluliferous  on  one  face  only ;  cell  apertures  disposed  in  three  < 
mure  longitudinal  scries. 

A  fragment  of  tliis  genus  issirailartooncof  P.iLVf  >k4.  The  forn 
are  separated  from  that  genus  by  the  llabellate  mode  of  growl 

Fenk8trali4,  i'rout. 
(Trans.  Acad.  Sci.,  St.  Louis,     1S.")S.) 

Type,  J-'ene.<<tralia  St.  Lii'h.oh'l,  Pi'out. 

■'Corallum  lluljelliforni,  bifurcating  frei[Uont]y  and  ru]>id: 
eximndingiutoa  broad  frond,  foUltvl  upon  itself  longitudinally  no, 
the  top. 

"  Loix/iludiiiul  fdijn  '11-  hitei-/<tii-(ii  (^branches)  large,  rouii 
near  the  base,  more  angulir  toward  the  middle  of  the  from 
midrib  indistinct  near  tlie  base,  very  prominent  and  well  inarke 
when  slightlv  weathered. 
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"Diaa&pvmenta  short,  strong  and  enlarged  at  their  junction  with 
the  longitudinal  rays. 

"Fenestrvlea,  long,  oval,  or  elliptical,  rarely  quadrangular,  two 
to  two  and  a  half  in  two  lines  measured  longitudiually  ;  four  in 
two  lines  transversely. 

"Cella  in  two  rows  on  either  side  of  the  midrib,  most  generally 
opposite  to  the  two  rows,  and  opposite  on  the  two  sides  of  the 
midrib,  five'  to  each  fenestrnle,  or  twenty  inclusive  of  the  two 
rows  on  either  side. 

^^Meverse,  fenestrules  quadrangular  from  the  want  of  expansion 
in  the  junction  of  the  dissepiments;  rays  and  dissepimeata 
rounded,  minutely  tubular,  striate." 

This  species  differs  from  Fenbstblla  in  its  flabellate  mode  of 
growth,  and  in  having  two  rows  of  cell  apertures  on  each  side 
of  a  median  carina.  It  differs  from  Fi.ABBLLiFOBtitA,  in  having  a 
median  keel  and  it  having  uniforotly  four  rows  of  cell  apertures. 


1  oDd  miluriil  ilie.  Fro.  43.    A  portion  eilUBad. 

Hbtepobblla,  SimpEon. 
(Ann.  Kept,  of  State  Geologist  of  N.  Y.  for  1893.) 
Type,  Reteporella  undulata. 

(Plate  ),  flga.  1-5.) 
Bryozoura  consisting  of  infundibuliform  or  cup-shaped  expan- 
sions, celluliferous  on  one  face  only  ;  branches  sinuous  or  zig-zag, 
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anastomosing  at  short  and  regular  intervals  in  such  a  niann< 
as  to  give  rise  to  a  regularly  disposed  system  of  fenestrules ;  ce 
apertures  disposed  in  from  three  to  seven  longitudinal  rowj 
branches  without  a  median  keel. 

Many  of  the  forma  included  in  this  genus  have  been  describe 
under  the  name  RKTKPniii,  owing  to  a  misapprehension  of  th 
characters  of  that  genus.  By  some  authors  it  ia  considered  a  syi 
onym  of  PavLLOPOB*,  but  the  original  figures  of  that 'genus  shoi 
that  the  branches  are  connected  by  celluliferous  dissepinienti 
not  by  anastomosis. 

The  genus  most  nearly  reaembles  Poltpoba  in  its  genert 
appearance,  but  tl  differs  from  that  genus  in  the  anastomosis  c 
the  branches. 

Retepokima,  D'Orbigny.  ^M 

(Prodrome  de  Pal.  t.  i.,  p.  10 1.)  ^| 

Type,  lietaporwa  priaca,  Goldfuss  (sp.). 
(Plate  I.  figs.  ft-B.) 

"  Ce  sent  des  Poltpoka  dont  les  cellules  plac68  sur  deux  ligne 
parall^les,  rapprochfes,  rfeguli6re8,longitudinales,  non86par6es  pa 
une  cute,  sont  a  la  partie  supSrieure  des  branches  largemen 
anastoraost'es  de  manii'TC  <l  no  iaisser  entre  elles  que  des  oscule 
oblongs,  reguliiTs,  places  par  lignes  divergentcs." 

This  genus  differs  from  Rktepobklla  in  having  only  two  row; 
of  coll  apertures. 

The  original  diagnosis  states  that  the  rows  of  apertures  an 
not  separated  by  a  ridge,  but  as  we  have  seen  in  I^'enkbtella,  tht 
presence  or  absence  of  a  carina,  all  other  characters  being  th( 
same,  is  not  of  generic  importance. 

CrcLOPORiNA,  Simpson. 
(Ann.  Rept.  State  Geologist  for  189;i.) 
Type,  Cydoporina  hemicycla,  Hall  (sp). 

(Plate  3,  figs,  !--■>.) 

I'ryozoum  having  the  same  general  aspect  as  IlETt:roi;!.'jA  ;  at 

irregular  intervals,  but  invariably  over  a  dissepiment,  there  are 

semi-circular,  lateral  projections  from  the  carina,  which   extend 

about  half  the  distance  to  the  adjacent  carina.     Frequently  the 


GkITERA  of  the  NoETH  AuEBICAIT  PALiBOZOIO  Bbvozoa.    605 

projections  from  adjacent  cariDEeuniteaad  forni  solid  oonneotioDs 
of  the  two  oarinse. 

The  carinae  of  this  genus  vary  in  the  same  manner  as  do  those 
of  Fenbstzlla,  and  from  these  variations  the  species  are  divided 
into  several  groups,  corresponding  to,  and  designated  by  the 
same  letters  as  the  groups  of  Fknestblla. 
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VsTtBYfA,  HaIJ. 
(Rep.  of  N.  Y.  State  Geoloffist  for  18S4,  p.  3fi.     1885.) 
Tv].e,  I'nUr'jpn  U.l.i.  Hull. 

(['knpr,.  fi;;^,  i,-.-iii;  ii.  n.  flgH.  i-B.i 
Fronds  having  llie  yeneral  iipiiea ranee  and  niuda  of  frrowtli 
Fknkstell*.  The  cell  aj lerLurfjs  aro  arrani^eil  in  two  paral 
row.s,  separated  by  a  carina;  carina  prnniinent.  tlncIcL'tU'il  ilIio 
and  connected  by  thin  oblupic  jilalcs  (scal.i.').  Froi|ifcrilly  i 
scahe  are  iibruplly  l>t?nt  at  abniit  half  their  hciylit,  aTnl  ulwa 
present  an  luibricattd  appearant'C. 
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SutiooaoiRiUM,  Prout. 

(TraaB.  Aoad.  8ci.  St.  Louis.     1858.) 

Type,  Semiooscinium  rhomhoideum,  Prout. 

This  genua  is  probably  a  synonyni  for  UmrBTPi,  but  as  the 

original  specimens  can  not  be  referred  to  and  different  opinions 

are  entertained  of  it  by  authors  the  name  Uhitbtfa  must  stand. 


U-. 
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A  photo-engraving  of  the  original  illustrations,  by  Phout,  is  here 
given. 
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Ibotktpa,   nail. 
(Report  of  N.  T.  State  Geologist  for  18S4.  p.  37.     1885.) 

Type,  laotrypa  conjunclivu,  Hall. 

(Platefl,  Bga.  7-13.) 

Bryozoum  having  the  same  general  appearance  as  Fitnbbtb'  la; 
cell  apertures  arranged  in  two  parallel  rows  separated  by  a 
carina;  carina;  prominent,  expanded  at  the  summit;  summits 
connected  by  round  or  oval,  comparatively  distant  lateral  bars. 
On  the  noDcelluliferous  face  a  conspicuoQa  pore  occurs  on  or  near 
each  dissepiment. 

This  genus  differs  from  Unitrtpa  not  only  in  having  con- 
spicuous pores  on  the  noncelluliferous  face,  but  also  in  the  char- 
acter of  the  lateral  processes.  In  Ujhtkvfa  the  scalae  consist  of 
thin,  oblic)ue  or  bent,  imbricating  plates,  which  usually  extend 
on  the  sides  of  the  carina;  for  at  least  one  half  their  height,  each 
Bcala  being  formed  of  two  lamella,  coalescing  at  the  summit. 
The  carinse  of  this  genus  are  not  of  equnl  thickness,  and  when 
broken  the  base  of  the  thicker  portion  alone  remains  attached  to 
the  branches,  closely  resembling  a  row  of  elongate  DodeB,  in  this 
respect  being  similar  to  HKMiTKTrA, 


Tkutci-eimrella,  Simpson. 
(Ann.  Rcpt.  of  X.  Y.  State  Geologist  for  lSlt3.) 
Type,  Ti'L-iuh'jwrflla  (Vi;i*/w;7;a,  Hall. 

ll'lstL.6,  liKS.  la-i.'..) 
This  genus  resembles  Isotkvl'a  in  general  iippeavance  and  man- 
ner of  growth,  but  the  summits  of  the  carina;  ;ind  connecting 
bars  are  much  stronger  and  are  scarcflydistinguishable  from  the 
noncelluliferous  face  of  the  frond.  It  differs,  also,  from  Isotrita 
in  being  without  pores  on  the  nonceliulifcrous  face  of  the  frond, 
and  on  the  sides  of  the  carinas,  above  the  cell  apertures. 
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TaoTDLiPOBA,  Hall. 
(A.DI1.  Rep.  State  Museum  Kat.  Hist.     1887.) 

Type,  Tectulipora  tooulata.  Hall, 

(Plata  7,  figB.  1-6.) 

Bryozoum  having  the  general  aspect  of  TeoniLiPORBLLA ;  cell 
apertures  arranged  in  two  parallel  rows ;  branches  and  dissepi- 
ments carinated ;  the  carinas  of  the  dissepiments  coalescing  with 
those  of  the  branches;  carina  promtnent;  summits  expanded, 
frequently  having  a  width  nearly  or  quite  equal  to  the  branches 
and  dissepiments  below.  The  summits  of  the  carina  are  angu- 
lar or  carinated,  sometimes  with  a  row  of  nodes  along  the  middle, 
this  portion  of  the  frond  having  a  strong  resemblanoe  to  the 
noncelluliferous  face  of  sone  Fenestelloid  forms.  This  genus 
differs  from  Locclij-oea  in  having  the  cell  apertures  arranged  in 
two  parallel  rows;  the  dissepiments  being  noncelluliferous. 


6333  ^^>^M 


LocDLiPORA,  Eominger,  mss. 
(First  published  in  Pal.  N.  Y.,  Vol.  VI,  p.  xxiii.     1887.) 

Type,  Loculipora  hiperforata.  Hall. 

.     (Plate7,  flgs.  8-12.) 

Bryozoum  infundibuliform,  branches  sinuous  or  zig-zag,  anasto- 
mosing or  connected  by  very  short  dissepiments,  which  are  of 
about  the  same  width  as  the  branches.  The  noncelluliferous 
face  usually  presents  more  of  an  anastomosed  appearance  than 
the  celluliferous ;  cell  apertures  disposed  in  oval  order  entirely 
surrounding  the  fenestrule;  branches  and  dissepiments  cari- 
nated ;  carinie  coalescing ;  summits  much  expanded,  angular  and 
slightly  carinated;  width  of  the  summits  usually  about  equal  to 
the  branches  and  dissepiments  below.  So  close  is  the  resem- 
blance of  this  portion  of  the  frond  to  the  noncelluliferous  face, 
that  it  is  almost  impossible  to  distinguish  them.     This  genus 
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is  the  only  one,  so  far  observed,  in  which  the  cell  apertures 
are  not  arranged  in  parallel  rows.  It  differs  from  TKcroLtPOKA, 
which  it  most  closely  resembles,  in  the  sinuosity  and  frequeat 
anastomosis  of  the  branches,  and  in  the  oval  arrangement  of  the 
cell  apertures. 

FavLLOPOEA,  King, 

,(Ann.  and  Mag.  Nat.  Hist.,  2d  Senes,  Vol.  111.  p.  3S9.     1849.) 


Type,  PkyUopora  Ehrenlergi,  King. 
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Original  diagnosis.  "A  Fenestellidia  coDBisting  of  infundibnli- 
form,  folded,  perforated  fronds  or  foliaceoQs  expansions;  cell- 
ules on  the  whole  of  the  outer  or  under  surface  of  the  fronds, 
and  planted  more  or  less  approximately  to  a  position  at  right 
angles  to  the  plane  of  the  capillary  tubnlar  basal  plate;  cellule 
apertures  with  plain  margins  and  parallel  to  the  Burfaoe  of  the 
fronds." 

The  original  illustrations,  a  photo-engraving  of  which  is  given 
below,  show  this  genus  to  be  a  Fenestelloid  form,  the  branches 
of  which  are  connected-  by  celluliferous  dissepiments,  in  this  re- 
spect differing  from  the  genera  hitherto  described. 

A  discussion  of  this  genus  will  be  found  in  the  Annual  Report 
of  the  N.  T.  State  Geologist  for  18v3. 

SvHooLADiA,  King. 

(Ann.  and  Mag.  Nat.  Hist.,  2d  Series,  Vol.  Ill,  p.  389.     1849.) 

Type,  Synocladia  virgvlacea,  Phillips  (sp.). 

Bryozoum  infundibuliform,  branches  bifurcating,  having  at 
regular  intervals  lateral  projections,  obliquely  ascending,  coalesc- 
ing with  an  opposite  series  from  adjacent  branches,  and  forming 


arcuate  or  angular  dissepiments.     In  some  specimens  many  of  the 
lateral  projections  are  not  oblique,  in  which  case  they  have  the 
65 
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same  appearance  as  tlie  ordinary  forma  of  FKSEaTKLL»,~'  UsuaJ 
there  ar>}  three  or  more  ranges  of  cell  apertures  on  tbe^br&nob 
3  on  the  dissepiments. 


(Trans.  Acad.  Sci.  Ht.  ],uuis,  Vul.  I,  [.  J4^.     1S:.9.) 

Type,  St'j,f,)j)oi-ii  Cex(ri--nsi«^  I'roiit. 

Bryozouni  infun<lilnilirorm,  hiivirj,'  the  jruneral  aspect  ■ 
Fenks'ikli.a.  On  the  celluHfenius  face  the  cl'11  apertures  a 
arranged  in  two  longitudinal  i)ani]lel  niws.  separated  byacarini 
dissepimeiil.i  arcuate,  angular  or  ^;lraif;ht,  and  celluliferuns, 

Pk  ii;T  in  his  original  description  says :  "  I  have  esiablislied  th 
geniis  upiin   the  character  of   the  dissepiments,  which  are  mo 
celluliferous  than  the  longitudinal  rays  (hranclie>t.     Though 
its  general  featni'es  it  resenihlos  I-"k  -ks'iklj-a,  it  lilll'ers  in  a  inarl« 
degree  hy  its  cellidifennis  dissepiments."' 

This  genus  differs  from  tjvNn  laoia  in  having  only  Iwn  rang 
of  cell  a|>urtures,  separated  by  a  carina,  having  tlie  satne  relati< 
to  that  genus  that  Fii.f  kstklla  does  to  P(>[.yi\>ka. 
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no.  M.  Septopom  Catrient<t,  la.  Pnnidi^  nslnrkl  ■■» :  lb,  A  portfOD  ol  lbs  traai  e.  it :  Ic  A  imitl 
portion  lA. 

Ltropoba,  Hall. 
(Ppoc.  Amer.  Asa.  Ad.  Sci.,  Vol  X,  p.  179.    1857.) 
Type,  Lyropora  lyra.  Hall. 

"  Bryozoum  consisting  of  reticulated,  foliated  expansions,  mar- 
gined on  either  side  by  strong,  stony  supports,  which  diverge 
from  the  base  curving  upwards  and  outwards." 
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The  structure  between  the  thickened  margiiiB  has  the  sami 
appearance  as  Poltpob*,  being  composed  of  bifurcating  branches 
connected  by  noncelhiliferous  dissepiments;  cell  apertures  ii 
three  or  more  ranges,  with  no  separating  carina. 
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LraoPoBELLA,  Simpson, 

(Ann.  Rep.  of  N.  Y.  State  Geologist  for  1893.     1894.) 

Type,  Lyroporella  quinGuncialu,  Hall  (sp.). 

Bryozoura  having  the  same  manner  of  growth  and  ^nera 

appearance  as  Lthopoha,  but  having  on  the  narrower  portion  ^ 
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the  branches  only  two  ranges  of  cell  apertures,  frequently  sepa- 
rated by  a  carina,  and  on  the  wider  portion  of  the  branches 
three  and  occasionally  more  ranges  without  a  dividing  ridge. 
This  genus  has  the  same  relation  to  Ltboposa  that  Poltposslla 

has  to  POLYPOBA. 

Lybopobidba,  no  v.  gen. 
Type,  Lyroporidra  subquadrans^  Hall  (sp.). 

(Plate  9,  fig.  19.) 

This  genus  has  the  same  general  appearance  and  mode  of 
growth  as  Ltbopoba,  but  on  the  celluliferous  face  the  cell  aper- 
tures are  arranged  in  four  parallel  rows,  two  rows  on  each  side 
of  a  median  carina  or  row  of  nodes. 

This  genus  bears  the  same  relation  to  Lybopoba  that  Fbnestba- 

LIA  does  to  POLYPOBA. 

Anastomopoba,  nov.  gen. 
Type,  Anastomopora  oinctutay  Hall  (sp.). 

(Plate  9,  figs.  20-28.) 

This  genus  has  a  general  resemblance  to  Lybopoba,  but  the 
branches  are  sinuous  and  anastomosing;  cell  apertures  disposed 
in  three  or  more  ranges,  without  separating  carina. 

This  genus  bears  the  same  relation  to  Lybopoba  that  Retepo- 
BELLA  does  to  PoLYPOBA,  and  is  separated  from  it  by  the  fact  that 
the  branches  are  connected  by  anastomosis,  not  by  dissepiments. 

HELicopoBi,  Clay  pole. 

(Quar.  Jour.  Geol.  Soc,  p.  30.     1888.) 

Type,  Helicopora  latispiralisy  Claypole. 

Original  diagnosis.  "  Polyzoary  expanded,  fenestrate  and  spiral, 
formed  of  slender,  bifurcating  rays,  poriferous  on  one  face,  con- 
nected by  nonporiferous  bars,  forming  an  open  network;  cells 
arranged  in  two  rows  along  the  rays,  one  on  each  side  of  a 
median  keel ;  axis  none,  or  consisting  only  of  the  thickened  in- 
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ner  border  of  the  polyzoary ;  not  straight,  but  forming  a  spi 
rounded,  nonporifepoua  or  slightly  poriferous  inner  margin." 
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Akohiuedes,  Le  Suear. 
(Amer.  Jour.  Sci.,  Vol.  43,  p.  19.    1842.) 

Type,  Archimedes  Owenana,  Hall  (sp.). 

The  forms  in  this  genus  do  not  differ  in  their  essential  struc- 
ture from  Fehbutslla  ;  their  mode  of  jjrowth,  however,  is  quite 
distinct;  the  expansion  acquiring  a  solid  central  ai^is,  around 
which  it  revolves  in  an  ascending  spiral  form,  spreading  equally 
on  every  side.  On  the  celluHferous  face,  the  cell  apertures  are 
arranged  in  two  parallel  rows,  separated  by  a  carina  or  row  of 
nodes. 


Ptilopoka,  McCoy. 
(Syn.  Carb.  Fobs.  Ireland,  p.  200.) 
Type,  Piilopora  fustriformis,  McCoy. 
(Plate  8.  Arb.  1-7.) 
Flabelliform,  attached  by  roots,  from  which  a  strong  midrib 
arises,  giving  origin  on  each  side  to  thin  equidistant  branches, 
which  are  connected  by  regularly  disposed  dissepiments;  cellu- 
liferous  on  one  face  only;  cell  apertures  disposed  in  two  longi- 
tudinal, parallel  rows,  separated  by  a  carina  or  row  of  nodes. 
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RECAPITULATION  OF  FAMILY    FENESTELLID 

Branches  co^inecUd  by  dissepiments  : 

I  NTir  Nil  I B  C  U  POBM . 

Celle  in  two  ranges,  separated  by  carinse 
or  row  of  nodes    Fh;smteliji,J 

Cell  apertures  in  two  or  three  ranges, 
branches  carinated  or  not Poltpobbixa. 

Cell  apertures  in  three  or  more  ranges,  no 

carina Polypoba. 

Cell  apertures    in  four  ranges,  median 

carina  FksestralH-i^B 

Cell  apertures  in  two  ranges,  carina  promi- 
nent, poriferous ;  reverse  face  poriferous  Fbuestbapoba. 

Cell  apertures  in  two  ranges;  carioiewith 
prominent,  semicircular  projections...  Cyoloi-oeina.  i 

Cell  a[>ertures  in  two  ranges;  carinse 
prominent,  connected  by  scalar,  which 
meet  midway, forming  pseudo-carinie. .  Hemitbtpa,  | 

Cell  apertures  in  two  ranges;  carina) 
prominent,  connected  bv  oblique,  thin 
l>Iates rMTBYi-a. 

Cell  apertures  in  two  ranges ;  carin:c 
connected  bybiirs;  reverse  face,  porifer- 
ous      Is  .TKVI'A. 

Cell  a|>ertures  in  two  ranges ;  Oiirina> 
connected  by  bars;  reverse  face  n(jn- 
]K»rifcri)US TixTLJ.ii'oKKr.r. 

Cell  aiiertures  in  two  ranges  ;  branches 
an<tt!issepiments  carinated  ;carinie  very 
pniiiiinent,  expan<led  at  summit,  and 
coalescing TKfij.ii'ORA, 

Cells  arranged  in  oval  urder,  aruund 
fenestrtiles  ;  branches  and  (iisscpirm-nts 
carinated  ;  carina'  prominent,  e.xpandod 
at  summit,  and  coalescing Lucl-lii'  ka. 

Cells  in  (!)  two  ranges;  ilissepimonts  ceU 
luliferous I'iivi.E.oiMKA. 
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Cell  apertures  in  two  ranges ;  branches 
carinated ;  dissepiments  celluliferous 
and  arcuate Sbptopoba. 

Cell  apertures  in  more  than  two  ranges ; 
dissepiments  arcuate  and  celluliferous  .  Synooladia. 

Flabellate. 

Cells  in  two  ranges ;  median  carina Flabelufobina. 

Cell  apertures  in  more  than  two  ranges ; 
no  median  carina Flabbllifobblla  . 


Forms  having  large  primary  branches,  smaller  lateral  branches : 

Infundibuufobm. 

Cell  apertures  in  two  ranges;  median 
carina Ptilopobblla. 

Cell  apertures  in  more  than  two  ranges ; 
no  median  carina % Ptilopobina. 

Flabellate. 

Cells  in  two  ranges ;  median  carina Piknapobblla. 

Cell  apertures  in  more  than  two  ranges ; 
no  median  carina Pinnapobina. 


Branches  at  nearly  rujht  angles : 

Cell  apertures  in  two  ranges;    median 
carina Ptilopoba. 


Branches  connected  by  anastomosis : 

I  nfundibuli  form. 

Cells  in  two  ranges;  median  carina Ebtbpobina. 

Cells    in    more    than    two    ranges ;    no 
median  carina Rbtepobblla. 
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Base  and  lateral  margina  greatly  ifdck&ied.     Branches  coniu 
by  dissepiments  :  _ 

FOLIAOXOUB.  ^ 

CeU  apertures  in  two  ranges;    median  fl 

carina  LYBuPOBiirAi'^ 

Cell  apertures  in  two  and  three  ranges ; 

with  or  without  carina Ltbopokblla. 

Cell  apertures  in  more  than  two  ranges ;  h 

no  median  carina Ltbopok*.  ^M 

Cell  apertures  in  four  ranges ;    median  ^B 

nodes  or  carina Ltbopobidra. 

Branohea  connected  hj  anastomosis : 

Cell  apertures  in  more  than  two  ranges  ; 
no  median  carina Anastomopob. 

Forma  with  central  Oima  ;  growth  spiral  : 

Cells  in  two  ranges ;  median  carina Abohimkdsb. 

Cells    in    more    than    two    ranges ;    no 
median  carina Arohihbdipob 

Growth  Kplral ;  no  central  a.cis  : 

Cells  in  two  ranges ;  median  carina Hkliooi^ora. 

i'^amily  Acanthocladiid^e. 
The  forms  included  in  this  family  have  a  llattencd  stipe,  f 
which  proceed  numerous  short  lateral  hranchlets  and  occasion 
a  larger  branch  having  the  same  manner  of  growth  as  the  n 
stipe ;  celluUferoiis  on  one  aide  only ;  branchlets  not  connectet 
dissepiments.  The  following  genera,  are  included  in  this  fani 
AoANTHocLADi*.  GiAcofiNOMK.  IcHTnifORAcHis  and  Kamipoba. 

AoANTfinoLiniA,  Iving. 
(Ann.  and  ^(;l^^  Nut.  Hist,  2d  suries,  Vol.  HI,  p.  :!--'.i.     18-t 
Type,  Aranthocl.idia  aii'vp^.  King. 

Original  diagnosis,     "A    Thanmiscidia;  steniji  symmetric 
and    hihiteriLliy   branchwl ;  more   or   less   on  one  pUme  ;  ra 
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bif urcatiD£ ;  branohes  short,  simple ;  ocoaaiouEilIj  elongated  and 
becoming  bilaterally  branched ;  stems  and  branches  oelluliferous 
on  the  side  overlooking  the  imaginary  axis  of  the  coral ;  cellules 
imbricated  and  arranged  in  longitudinal  series ;  series  of  cellules 
separated  from  each  other  by  a  dividing  ridge ;  gemmuUferous 
vesicles  (?)  on  the  dividing  ridge." 

The  following  figures  are  photo-engravings  from  Kofs's  orig- 
inal illustrations : 
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Qlaqooitouz,  Goldfuss. 
(Petrefacta  Gertnanica,  Vol.  I,  p.  lOd,  182C;  emended   by 
dale  in  Murohison's  Silurian  System,  p.  677, 1839.) 
Type,  GlauGonome  dhticha,  Goldfuss. 

(Plate  8,  figB.  8-15.) 
Zoarium  consisting  of  a  main  stem  or  rachis,  from  which  pr 
ceed  simple  lateral  branches,  at  regular  intervals,  and  occasional 
branches  having  the  same  manner  of  growth  as  the  primai 
rachis;  ceiluliferous  on  one  face;  cell  apertures  disposed  in  tv 
longitudinal,  parallel  rows;  usually  separated  by  a  carina. 

loHTHvosACHis,  McCoy. 
{Carb.  Foss.  of  Ireland,  p.  205.     18i4.) 
Type,  Ichthyorachis  Newenhami,  McGoy. 

(Plate  8,  flga.  16-31.) 

Zoarium  plumose,  consisting;  of  a  rachis  with  short   later. 

brancbes  or  pinnules;  ceiluliferous  on  one  face.    On  the  rachis  ti 

cell  apertures  are  disposed  in  five  or  more  rows,  laterally 

oblique  aecendiog  order ;  usually  three  ranges  on  the  branohc 

Fiiraily  ThamniscidzE,  King,  emend. 
The  following  f,^enera  are  iuf;luded  in  this  family  : 
Thamniscos,  Thamnocelli,  CEiHiNELLi  and  Diri.ornKA, 


I 


Thamniscis,  Kin^''. 

(AnE.iim!  Ma^f.  N;it.  Ili:^t..  2il  Series.  Vol.  Ill,  p.  3nO.     ISi^.j 

Type,  Tha,nH!><<--u^<luhi,:x.  King, 

(Plate  il,  figs.  14-18.) 

Zoarium  fruticose,  giving  forth  lateral  brandies  or  bifurcatinj 
on  one  plane;  branches  numerous,  fre(|Uently  of  clavate  ap]iea 
ance;  not  connected  Ijy  dissepiments;  ceiluliferous  on  one  fact 
cell  apertures  in  quiucunx  order  or  irregularly  dis]iosed. 

King's  diagnosis.  "The  typical  Thamniscidia :  stems  fretjuentl 
and  irregularly  bifurcating,  more  or  less  on  one  plane:  celli 
liferous  on  the  side  overlooking  the  imaginary  a.\is  of  tlie  conii 
cellules  imbricated  and  arranged  in  quincunx;  gemmuHfcroi 
vesicles  overlying  the  cell  ajiertures." 


/^ 
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Figs.  74  and  75  are  photo-engravinga  from  Kino's  original 
illustrations. 


Thauhooklla,  dot.  gen. 

Type,  ThamnocdZa  Cisseia,  Hall  (ap.). 
(Plate  9,  figs.  4-lS.) 

Zoarium  ramose,  sometimes  f  rutioose ;  giving  off  lateral  branches 
or  bifurcating;  branches  of  equal  size,  and,  compared  with  Thaic- 
Niscns  infrequent;  cells  numerous ;  arranged  in  quinouDx  order, 
forming  oblique  transverse  rows. 

This  genus  differs  from  THAumsonB  in  the  infrequency  of  the 
branches,  and  in  the  fact  that  the  branches  are  of  uniform  size; 
from  some  forms  of  Diplopoba  in  having  numerous  cell  apertures, 
that  genus  having  but  two  ranges. 

Diplopoba,  Young  and  Young. 
(Proc.  Nat.  Hist.  Soc.  Glasgow.  1875.) 
Type,  Diplopora  marginalia,  Young  and  Young. 

Very  slender  straight  stems,  throwing  off  a  few  lateral  branches 
of  equal  dimensions  (or  bifurcating);  celluliferous  face  with  two 
ranges  of  cell  apertures,  and  moderately  developed  median  keel ; 
noncelluliferous  face  striated. 


CBIsmBLLA,  Ilall. 
(Rep.  of  N.  Y.  State  Geologist  for  1883,  pL  26.) 
Type,  OrimneUa  sorobiculaia.  Hall  (sp,). 

(Plato  9,  SgB.  1-8.) 
Zoarium  ramose,  solid ;  celltiliferous  on  one  face ;  cell  apertures 
disposed  in  oblique  ascending  rows  from  the  middle  to  the  margin 
of  the  branch ;  peristomes  prominent. 

Family  Arthrostylidje,    tJlrich,  emend. 
This  family  contains  at  present  only  the  genus  AiiTanosTTLus. 
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Arthbosttlcs,  Ulrich. 
(Amer.  Geologist,  Vol.  I,  p.  230.    188S.) 

Type,  Arthroatylus  tenuis^  Ulrich. 

Zoarium  somewhat  fruticose;  composed  of  numerous,  slender, 
equal  segments,  joined  to  each  other  by  terminal  articulation ; 
celluliferous  on  one  face  only;  opposite  face  longitudinally 
striated;  cell  apertures  disposed  in  three  or  more  longitudinal 
rows,  separated  by  ridges. 

Family  Stictoporids,  Ulrich,  emend. 

The  forms  included  in  this  family  are  very  similar  in  their 
mode  of  growth  to  Cystodictyidae,  but  differ  from  the  forms  in 
that  family  in  the  absence  of  pseudo-septa  and  lunaria,  the  dif- 
ference in  the  skeleton  making  a  corresponding  difference  in  the 
living  organism.  The  following  genera  are  included  in  this 
family:    Cbbamblla,  Eubtdiotta,  Euspilofoba,  Evaotikofoba, 

PaOHTDIOTYA,    PflTLLODIOTTA,     PbIBMOPOBA,    SoALABIPOBA,    SbMIO- 

POBA,    Stiotooblla,    Stiotopoba,   Stiotopobidba,  Stiotopobblla, 
Tabniodiotya,  Tabniopoba  and(??)  Aotinotbtpa. 

Cbbamblla,  Hall. 
(Pal.  N.  Y.,  Vol.  VI,  p.  xix.    1887.) 
Type,  CerameUa  soidacea,  Hall. 

(Plate  14,  figs.  2^.) 

Zoarium  consisting  of  thin,  foliaceous  expansions,  arising  from 
a  spreading  base;  celluliferous  on  each  face;  cells  tubular, 
oblique;  cell  apertures  oval  or  circular,  disposed  in  quincunx 
order ;  surface  marked  by  sterile  maculae,  which  are  usually  de- 
pressed below  the  general  surface  of  the  branch. 

EuBYDioTYA,  Ulrich. 

(Geol.  Sur.  111.,  Vol.  VIII,  p.  309.    1890.) 

Type,  Eurydictya  montifera^  Ulrich. 

"  Broad,  simple  or  irregularly  divided  bifoliate  expansions 
without  nonporiferous  parallel  margins;  surface  with  more  or 
less  conspicuous,   small,  solid  maculae  or  monticules ;  zooecial 


structure  very  much  as  in  Suloopora,  the  difference  bein^ 
small  importance  and  due  to  zoarial  habit." 


EusPiLoi'OKA,  ["Irich. 
((;eol.  Sup.  III.,  Vul.  VIII,  p.  ;iSO.     l^SH' ) 
Type,  EiiKpihqmra  serraia,  I'lricli. 

(Sfe  Piute  H),  lig.  20.) 
"  Zoiiriiiiu  consisting!;  of  smiil],  llaltened,  ir['ei;uliiHy  liividi; 
braticlies ;  ;((xi:cial  apertures  subcirciilar  or  fUiptical :  arraii'^eil 
four  or  more  roivs  ovtr  the  centi'al  poi'tiiin  of  iho  hraiieln 
between  slijfhtly  elevated  longitudinal  ridges,  iia\'ing  nutueni 
small  nodes.  At  brief  inlervals,  occurring  alternately  on  cai 
side  of  the  branch,  there  are  several  short  rows  of  apenun 
directed  obliquely  upward  and  outivard  from  the  central   row 
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extending  nearly  to  the  sharp  margins.  Between  these  lateral 
rows  the  margin  of  the  frond  is  more  or  less  indented."    (Uikioh) 

The  type  species  closely  resembles  Stictopora  palmipes,  which, 
though  showing  some  variation  from  the  ordinary  forms  of 
SnoTOFOBA,  has  not  been  considered  distinct  from  that  genus, 
though  it  may  be. 

EuspUopora  Barrisi  is  identical  with  Stictopora  craisa  and  does 
not  have  the  characters  which  have  been  used  to  separate  Eospi- 
LOPORA  from  Btiotopoba. 


EvAOTiNOFOBA,  Meek  and  Worthen. 
(Proc.  Acad.  Nat.  Sci.  Phila.,  p.  165.     1865.) 
Type,  Evactinopora  radiata,  Meek  and  Worthen. 
"  Zoaria  consisting  of  four  or  more  vertical  leaves,  which  radi- 
ate from  an  imaginary  axis  so  as  to  present  in  a  transverse  sec- 
tion a  star  shaped  or  cruciform  outline;  leaves  thin,  double; 
67 


oelluliferous  on  both  faces ;  *  *  *  zocecia  with  snbe 
lar  apertures ;  interspaces  apparently  solid  at  the  surface;  i 
pied  by  vesicular  tissue  internally.  As  grow th_f proceed* 
gradually  increasing  deposit  of  minutely  perforated  calcai 
laminfE  covered  the  lower  and  older  portions  of  the  zoajdi 
(Mbbk  and  Worthkn.) 


PACHYnioTYA.    Ulrifb. 

(.Tour.  Cin.  Sac.  Xat.  Hist.,  Vol.  A',  p.  152.     1883.) 

Type,  Ptichydictya  robusta,  Ulrich 

" Zoaria  varying  from  paralleled,  margined,  narnv-v  brand 
to  large  undulating  expansions.  The  edges  are  acute  and  h 
a  noncelluliferous  border  ;  *  *  »  zocccia  rising  rather 
ruptly  from  the  mesial  lamina,  near  which  they  have  very  t 
walla;  are  broad  elliptical  or  subquadrate  in  outline,  arranged 
longitudinal  series,  and  partially  separated  from  each  other 
small  vesicles.    Toward  the  surface  their  walls  are  thicken 
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ring  like,  and  nsually  completely  isolated  and  the  interspaceB 
solid."    (Ulkioh.) 

Phtllodiotta,  Ulrich. 

(Jour.  Cin.  Soc.  Nat.  Hist.,  Tol.  V,  p.  163.    1882.) 

Type,  PhyUodictya  frondoaa,  Ulrich. 

"  Zoaria  leaf-like  or  consisting  of  irregalar,  broad  branches. 
Zoceoia  tubular,  the  prostrate  portion  long,  apertures  circular, 
slightly  oblique,  with  the  posterior  portion  elevated ;  inter- 
spaces wide,  solid,  traversed  vertically  by  namerous  minute 
tubuU."    (Ulbioh.) 


Fbisuopora,  Hall. 
(Bryozoans  of  the  Upper  Helderberg  Group,  p.  17.    1881.) 
Type,  Prismopora  triquetra.  Hall. 

(Plate  13,  flgB.  9-16.) 
Zoarium  ramose ;  consisting  of  triangular  branches,  bifurcating 
or  sometimes  trifurcating;  frequently  forming  irregular  groups; 
branches  with  the  sides  equal  or  unequal,  concave;  celluliferous 
on  each  face  ;  cells  tubular,  arising  from. the  mesial  plates,  which 
extend  from  the  center  of  the  branch  to  each  angle ;  margins  of 
the  branches  solid  ;  intercellular  tissue  vesiculose. 


fi83 


EliPOKT  OF   THE    StATE    GeOLOOIST. 


k  SCALABIPORA,  Hall. 

'  (Trans.  Albany  Institute,  Vol.  X,  p.  159.     1881.) 

Type,  Scalaripora  scalanformis,  Hall. 
{Plate  12,  figs.  16-83.) 

Zoarium  consisting  of  groups  of  triangular  prismatic  branches, 
eel lulifer oils  on  each  face;  sides  of  branches  concave  and  crossed 
by  transverse,  elevated,  cellaliferous  scalui ;  cells  tubular,  arising 
from  the  radiating  mesothecaj  of  the  branches  and  from  the 
meaotheca  of  the  scajfe  ;  margins  of  the  branches  and  scalfe  noo- 
celluliferous. 

SnoTooKLLi,  nov,  gen.  ^\ 

(Plate  10,  tigs.  6,  7.)  ^1 

Type,  Stictocella  sinuosa,  Hall  (sp.).  ^1 

Zoarium  consisting  of  flattened  bifurcating  branches,  cellulif- 
erous on  each  face;  cell  apertures  oval,  irregularly  disposed; 
peristomes  equally  elevated;  interapertural  space  occupied  by 
short  irregular  ridges,  which  are  frequently  covered  by  minute 
nodes,  giving  to  the  surface  of  some  of  the  species  a  granular 
appearance. 

This  species  differs  from  Stiotopoba  in  the  irregular  disposi- 
tion of  the  cpI!  apertures,  and  in  the  presence  of  the  irreg'ular 
ridgos  between  the  cell  apertures. 

SncToi'ORiNA,  nov.  gen. 
(Plat.;  10,  ijg.  y.) 

Tvjie,  Slict-poHna  suhcarimtla.  Hall  (sji.). 

Zoarium' consisting  of  Hattened  bifurcatiDg  branches,  cellulif- 
erous on  each  face;  cell  apertures  arranged  in  lougitudiiuil 
parallel  rows,  circular;  peristomes  prominent:  apertures  ttf  the 
two  central  rows  the  smallest,  gradually  enlarging  to  the  outur 
row;  margins  of  branches  solid;  transverse  section  of  tlu' 
brandies  lenticular;  central  rows  of  apertures  separated  liy  a 
ridge,  sometimes  tlLc  adjacent  two  rows  are  also  separated  l>y  a 
cariua. 

This  foi'm  has  some  resemblance  to  T.i:Nini'oi:.v  uuid  is  erri>- 
neoiisly  given  by  Millkk  as  a  synonym),  I)Ut  tiiU'ers  from  that 
genus  in  its  more  decidedly  bifurcating  mode  of  gniwiii,  ami  in 
tlie  form  of  its  transverse  section.  In  this  genus  a  section  is 
lenticular,  the   most   gently   rounded    near    tiie    li;tsf.  while    in 


Gekeea  of  the  Nobth  Auebican  Palaeozoic  Bbyozoa.   533 

T^NiopoBA  the  aides  of  the  branches  are  angular,  and  near  the 
base  the  branches  are  always  triangular. 

T,EsioDicrri ,  Ulrich. 
(GeoL  Sur.  111.,  Vol.  VIII,  p.  628,  pL  67,  figs.  1,  lb.) 
Type,  Taniodictya  ramulosa,  Ulrich. 

"  Zoarium  growing  from  a  basal  expansion,  into  dichotomously 
divided  narrow  branches  or  broad  fronds ;  *  *  *  apertures 
elliptical  or  subcircular,  surrounded  by  a  sloping  area.  Inter- 
spaces ridge  like."    (Ulrich.) 

This  genua  very  closely  resembles  and  is  probably  identical 
with  SnoTOPOBA. 


TjiiNiopoKA,  Nicholson. 
(Gcol.  Mag.,  N.  S.,  London,  Vol.  I,  p.  120.     1874.) 
Type,  Tieniopora  exigua,  Nicholson. 

(Plate  11,  figs.  12-19;  Plate  13,  figs.  1-6.) 
Zoarium  ramose,  flattened,  proceeding  from  a  spreading  base,  or 
from  rootlets  attached  to  foreign  bodies ;  branches  triangular  or 
flattened.  The  branches  of  the  lower  portion  of  the  frond  are 
usually  triangular,  thongh  this  condition  may  occur  on  all  por- 
tions of  the  frond  ;  sides  concave,  equal  or  nearly  so;  from  each 
angle  proceed  depressed,  quadrangular  branches,  which  both 
bifurcate  and  ramify  laterally,  continuing  growth  in  the  same 
manner  as  the  parent  branches;  margins  flat,  smooth;  cells 
tubular,  cylindrical,  gradually  enlarging  to  the  aperture. 


Report  of  the  State  Geologist. 

In  the  triangular  branches  they  proceed  from  laminae,  wb 
extend  from  the  center  to  each  angle  of  the  branch  ;  in  the  t 
tened  branches  they  proceed  from  the  raesotheca,  and  are  rect 
bent  for  about  one-half  their  length,  then  abruptly  turning  s 
generally  opening  directly  outward  ;  intercellular  tissue  vesicul 
cell  apertures  disposed  in  parallel  longitudinal  rows,  and  f  requen 
in  oblique  ascending  rows  from  the  middle  of  the  branc 
apertures  of  the  central  rows  the  smallest,  gradually  enlargi 
to  the  marginal  rows. 

There  is  usually  a  prominent  carina  along  the  middle  of  i 
flattened  branches. 

Family  Intraporidie,  nov.  fam. 

The  forms  included  in  this  family  have  essentially  the  sa 
manner  of  growth  as  the  Stictoporida>,  but  differ  from  the  nn 
bers  of  that  family  in  having  the  interapertural  space  occup 
by  the  cavities  of  vesicles. 

The  following  genera  are  included  in  the  family ;  Cosoiitbi. 
Imtbapoua,  Skuiopoka  ahd  Stictopoeblla. 

CosoiHBLLA,  Hall.  ^m 

*  (Pal.  N.  Y.,  Vol.  VI.  p.  19,  pi.  64,  figs.  9-14.    1887.)  " 

Type,  Coscinella  ehyantula,  TIall. 

(Plate  U,  figs.  7-12.) 
Zoarium  consisting  of  an  explanate  frond,  celluliftrous  on  e; 
face,  with  perforations  or  fenestriilcs  at  somewhat  regulardistan 
from  each  other;  the  whole  having  the  appearance  of  being  c< 
posed  of  sinuous  anastomosing  branches;  base  spreading,  adl 
ing  to  cyathophylloid  corals  or  other  bodies;  raesotheca  vi 
thin,  marked  by  arching  nndulatioas  of  growth,  and  also 
longituilinai  striations  caused  by  the  recumrient  portions  of 
cell  tubes;  cells  tubular,  cylindrical;  for  one-half  their  len; 
resting  upon  the  raesotheca,  than  abruptly  bending  and  conti 
ing  at  right  angles  to  their  former  course,  opening  directive 
ward;  intercellular  tissue  composed  of  minute  tuliuli,  with  vi 
•  closel3' disposed  septa,  or  of  vesicles  so  disposed  that  they  hj 
the  appearance  of  septate  tiibuli;  cell  apcrliires  circular;  clos 
and  irregularly  disposed.  The  intera}ierturKl  surface,  and  a  sp 
about  .75  mm.  wide  around  each  fenestrule  are  occupied 
minute  angular  pits. 
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Intrapoba,  Hall. 
(Trans.  Albany  Institute,  p.  157.   1881.) 

Type,  IntTwpora  puteolata^  Hall. 

(Plate  11,  figs.  1-9.) 

Zoarium  consisting  of  a  flattened,  dichotomously  branching  or 
bifurcating  frond,  arising  from  a  spreading  base ;  cells  tubular 
for  one-half  the  length,  parallel  with  the  mesotheoa,  then  turning 
abruptly  outward;  apertures  oval,  irregularly  and  very  closely 
disposed ;  very  frequently  in  contact ;  peristomes  strong,  slightly 
and  equally  elevated.  The  interapertural  space  is  occupied  by 
minute  angular  pits,  generally  a  single  series  between  adjacent 
apertures ;  intercellular  space  irregularly  vesiculose. 

Sbmiopora,  Hall. 
(Trans,  Albany  Institute,  Vol.  X,  p.  193.    1881.) 

Type,  Semiopora  Hstigmata^  Hall. 

(Plate  11,  figs.  10-11.) 

Zoarium  consisting  of  a  flattened  dichotomously  branched 
frond,  proceeding  from  a  spreading  base  attached  to  foreign 
bodies;  branches  narrow,  not  expanding  before  bifurcation ;  non- 
celluliferous  marginal  space  very  narrow;  transverse  section 
abruptly  narrowing  and  very  thin  toward  the  margin ;  obscurely 
subangular  near  the  middle ;  cells  tubular,  oblique,  gradually 
enlarging  to  the  aperture.  The  intercellular  tissue  is  composed 
of  irregularly  disposed  vesicles ;  cell  apertures  oval,  sometimes 
nearly  circular ;  regularly  disposed  in  parallel  longitudinal  rows ; 
the  apertures  of  the  marginal  rows  being  larger  than  the  others. 
Between  adjacent  cell  apertures  in  a  longitudinal  direction  are 
two  minute  pits  side  by  side.  In  the  course  of  growth  these  pits 
form  minute  tubuli  between  the  cell  tubes. 

Stictopobella,  Ulrich. 

(Jour.  Cin.  Soc.  Nat.  Hist,  Vol.  V,  p.  152.     1882.) 

Type,  Stictoporella  interstincta,  Ulrich. 

The  type  species  of  this  genus  belongs  to  Intrapora  ;  other 
forms,  as  S,  eriirosa,  are  members  of  the  genus  Coscikella. 


;  State  (Jeologist. 


Compare  these  fignres  with  those  of  hUriipora  puUotata'tai 

\  Cosol/neUa  eUgantula. 


I 


.    STCnr^woTVJId  hwHillf 


in  ot  (be  Ttonit.  M>. 


Family  Cystodictyide,  JTTlrioh,  emend. 


The  forms  in  this  family  hiive  the  sivnie  j^eneral  a|ipeararn.-o 
and  manner  of  j;nnvili  as  tlie  forms  infiiul<jil  in  the  iStiitoimkip.!:, 
hnt  differ  from  those  forms  in  liavin^  two  se|>la,  situated  close 
tof^ether,  in  tlic  cell  tnhe,  which  form  a  hmariumat  tlie  apertnrt'. 
The  followirfj  f^fjntira  are  included  in  this  family  :  (,'ybtoihctya. 
Ooaci.viuM,  CusciNuTKVL'A,    DicuoTuvfA,    Mkkkaimra  and   Piirai.:- 

TOl-UBA. 

OvsTonicTVA,  Uli-ich. 
{Jour.  ('in.  Soc.  Nat.  Ili^t.,  Vol.  V.  p.  ].V_'.     l^i'^S.) 
Tyi>e,  C'jsti„Uclyt  uciHata,  riricli. 

iPlaU-  10.  (lf;s.  11-20.) 
This  genii.s  has  the  same  general   ap])earance   anil    mode  of 
growth  as  SrirToroR*.  but  dilfers  fn)m  that  genus  in  having  two 
psendoscpta  in  the  cell  tube  and  a  lunarinm  at  the  aperture. 

CijaioiUctija  (lilherti,  though  nol  the  tyi>e  species,  shows  the 
characteristic  features  of  the  genus  much  more  clearly  than  any 
other. 
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OosounuM,  Keyserling. 
(Geognost.  Beobacht.,  p.  192.    1848.) 
Type,  Coacmium  Cyclops^  Keyserling. 

(Plate  18,  figs.  8-12;  pi.  XIV,  fig.  1.) 

Original  diagnosis.  '^Lobed  expansions  in  the  form  of  a  leaf, 
consisting  of  two  mutually  applied  strata,  whose  free  planes  ex- 
hibit free  pores  quincancially  arranged  so  that  on  a  cross  fracture 
of  the  leaf  are  seen  the  tubular  oblique  cells,  biserially  distributed 
on  either  side,  quite  the  same  as  in  Esohara  ;  but  here  the  foli- 
aceous  expansions  are  perforated  by  a  regular  series  of  holes  as 
in  Adonea  oribriformisj  from  which  it  varies,  however,  in  the 
want  of  an  articulated  stipe.  Our  genus  coincides  also  with 
EscHARA  in  the  character  of  the  intercellular  substance,  which  is 
permeated  by  capillary  tubules.  This  substance  fills  up  with 
age;  the  holes  likewise,  which  are  then  distinguished  as  spaces 
without  cells." 

The  fronds  of  this  genus  very  closely  resemble  those  of  Cos- 
oiNELLA,  but  differ  in  the  absence  of  interapertural  pits,  and  in 
the  presence  of  pseudosepta  and  lunaria. 

COSCINOTRYPA,   Hall. 

(Report  of  N.  Y.  State  Geologist  for  1885  ;  advance  sheets  Expl. 

of  Plate  XXIX.    1886,) 

Type,  Coscinoirypa  cribriformia^  Hall. 

(Plate  13,  figs.  1-7.) 

Zoarium  consisting  of  explanate  fronds,  celluliferous  on  both 
faces,  with  perforations  or  fenestrules  at  varying  distances  from 
each  other.  At  irregular  intervals  the  surface  is  raised  into 
angular  folds  or  plications,  which  continue  growth  in  the  same 
manner  as  and  at  right  angles  to  the  parent  frond.  These  in 
turn  give  rise  to  similar  elevations,  the  frond  forming  a  very 
irregular  mass ;  cell  apertures  arched  and  triangular,  usually 
irregularly  disposed,  but  sometimes  alternating  and  subimbri- 
cating.  The  apertures  adjacent  to  the  fenestrules  radiate  from 
them;  cells  with  two  closely  disposed,  parallel  pseudosepta, 
which  form  a  lunarium  at  the  cell  aperture,  which  consists  of 
strong  crescentic  denticulations.  The  fenestrules,  in  size  and 
distance  from  each  other,  are  extremely  variable. 
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Mbkkapora,  Ulricb. 
{Geol.  Sur.  Ill ,  Vol.  VIII,  p.  183.    1890.) 
Type,  Meekapora  eximia,  Ulrich. 
Original  diagnosis.     "Bifoliate,    sometimes    branching;    tbi 
median  lamina  Ihin,  flexuous;  cells  arranged  wiLb  their  obliani 


\ 
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apertures  directed  toward  the  distal  marKiti  of  the  expansion; 
luDarium  moderate  or  obsolete  ;  cell  tubes  oblique,  the  anterior 
walls  thinned  and  flezuous ;  diaphra^^s  numeroos,  often 
recurved ;  ooecium  a  large  oval  cell,  showing  a  convex  space  with 
a  small  apical  perforation."    (Ulrich.) 

Phbaotopoba,  Hall. 
(Trans.  Albany  Inst,  abstract,  p.  12.    1881.) 
Glyptoin/pa,  Ulrich. 
Type,  Phractopora  critlata,  Hall. 

(Plate  31.  figs.  ll-U.) 
Zoariam  consisting  of  explanate  fronds,  having  the  surface 
raised  at  irregular  intervals  into  prominent  crests,  which  are 
celluliferous  on  each  face;  cells  tubular,  arising  from  a  mesotheoa, 
celluliferons  on  each  face,  with  lunaria,  which  are  frequently 
indistinct.  The  apertures  are  generally  disposed  in  diagonally 
intersecting  rows ;  intercellular  structure,  near  the  base,  irreg- 
ularly vesiculose,  and  having  the  appearance  of  septate  tubuli 
above. 
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Family  ActinotrypidiE. 

A0TIK(>TBYI*4,  Ull'ich. 

(Geol.  Sur.  HI.,  Vol.  Vlll.  p.  386.    1890.) 

Tj^pe,  Aotinotrypa peculiaria,  Ulrich. 

"Zoaria  very  much  as  in  Dicbotsti-a.  Zooucial  apertures  show- 
ing the  ends  of  from  eight  to  ten  vertical  septa-like  ridges,  whicb 
extend  down  the  inner  side  of  the  vestibule,  nearly  or  quite  to 
the  primitive  apertures,"     (Ulrioh.) 

The  structure  of  the  cell  tubes  precludes  placing  this  genus 
under  either  SnoToroKiDjC  or  Cvstodiotyidj:. 


Family  Rhinoporidfe,  riricii,  emend. 

Reiinopoka.  Hall. 

(Pal.  N.  v.,  Voi.  II,  p.  170.     1S52.) 

Type,  Rhinoj'ora  v,:rruc,..m,  Hall. 

Zoarium  consisting  of  lamelhiLe  or  sul>]ialmate  fr'^mls,  whiuli 
are  celluliferous  on  both  siiies.  The  outer  edf^es  arc  thickened 
and  celluliferous,  and  the  entire  surface  on  both  sides  is  uni- 
formly tuberculous.  The  tabcrcJes  (monticules)  arc  usuallv 
smooth  and  solid  at  their  sumniits,  rarely  celluliferous;  surface 
also  exiiibiting  slender,  rounding,  bifurcating  ridges,  which 
wlion  the  zoarium  is  a  little  worn,  appear  as  shallow  grooves: 
cell  apertures  nearly  circular,  occupying  the  [bummits  of  prom- 
inent papilhT,  arranged  in  more  or  less  regular  inters^ccting  lir  cs': 
interapertural  space  smooth  ;  intercellular  space  occupied  in- 
mesopores. 
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Family  Ptilodictyidx,  Zittel,  emend. 

The  genus  Ptilodiotya  includes  those  forms  which  are  pointed 
below,  articulating  into  a  spreading  base ;  unbranched ;  straight 
or  curved ;  but  other  genera  are  included  in  this  family  whose 
structure  and  mode  of  growth  is  the  same  as  that  of  Piilo- 
DioTTA,  except  that  they  are  bifurcating. 

The  following  genera  are  included  in  this  family:  Gsapto- 

DIOTYA,  Pfl^NOPORA,  PflLODlOTTA,  StIOTOPOBINA  and    StIOTOTBTPA. 

Gbaptodiotya,  Ulrich. 

(Jour.  Cin.  Soc.  Nat.  Hist.,  Vol.  V,  p.  166.    1892.) 

Type,  Chra{ptodictya  perdegwns^  Ulrich. 

^^  Zoarium  arising  from  a  pointed  articulated  base  into  continu- 
ous dichotomously  divided  narrow  branches ;  zooecia  with  sub- 
circular  apertures  surrounded  by  a  low  peristome ;  subpolygonal 
in  outline;  interspaces  depressed,  generally  linear;  sometimes 
with  one  or  two  fine,  tortuous,  elevated  lines ;  vertically  linear  in 
longitudinal  sections,  but  with  the  lines  interrupted."     (Ulbioh.) 

Phaenopoba,  Hall. 
(Pal.  N.  Y.,  Vol.  II,  p.  46.    1868.) 
Type,  Phosnopora  explanatay  Hall. 

(Plate  15,  figs.  8-10.) 

Bryozoan  forming  thin,  broad  or  ensiform  expansions,  cellulifer- 
ous  on  each  face ;  cell  apertures  oval,  separated  by  ridges,  and 
having  two  minute  pits  between  the  ends  of  adjacent  apertures. 

This  genus  has  a  very  close  resemblance  to  the  typical  forms  of 
Ptilodiotya,  but  is  separated  from  them  by  the  presence  of  inter- 
apertural  pits,  which  is  a  constant  feature. 

Ptilodiotya,  Lonsdale. 
(Murch.  Silurian  System,  p.  676.    1889.) 
Type,  Ptilodictya  lanceolata,  Lonsdale. 

(Plate  15,  figs.  4P7.) 

Bryozoum  consisting  of  a  radially  striated  basal  expansion, 
attached  to  foreign  bodies,  and  which  has  at  the  center  of  the 
upper  surface  a  socket  for  articulation  with  the  subsolid  extremity 
of  the  erect  and  conjoined  frond ;  frond  commonly  lanceolate  or 
falciform  unbranching ;  margins  of  frond  acute,  noncelluliferous, 
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smooth  or  striated;  disposition  of  c«U  apertures  variable;  in  the 
typical  forms  plumose,  with  longitudinal  rows  in  the  middle  of 
the  frond,  and  oblique  lateral  rows  diverging  from  those  oo  ee^^h 
iide.  Other  species  have  longitudinal  rows  separated  by  ridges, 
and  still  others  have  the  apertures  arranged  in  diagonally  inter- 
secting rows. 

Ptilotbtpa,  Ulrich, 


18P0.) 


(Geol.  Sur  111.,  Vol.  VIII,  p.  193. 
Type,  Ptilotrypa  oUiquata,  Ulrich. 

Original  diagnosis.  "Bifoliate,  forming  large  ramose  expansions. 
ZocBoial  tabes  and  apertures  very  oblique.     At  the  upper  extrem- 
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ity  of  the  acutelj  oval  aperture,  there  is  a  small  cell,  which  is 
best  seen  in  a  tangential  section ;  surface  with  irregular  longi- 
tudinally channeled  spots."    (Ulrioh  ) 

Stictoporina,  Hall. 
(Pal.  N.  T.,  Vol.  VI,  p.  20.    1887.) 

Type,  Stictoporina  claviformis^  Hall. 

(Plate  10,  figs.  1,  2.) 

Zoarium  obtusely  pointed  at  the  base,  enlarging  above  and 
becoming  flattened ;  bifurcations  few ;  cells  tubular,  arising  from 
a  mesotheca;  apertures  oval,  disposed  in  diagonally  intersecting 
rows ;  interapertural  space  elevated,  angular,  enclosing  the  aper- 
tures in  rhomboidal  or  polygonal  areas. 

Family  Clathroporidx. 

The  forms  of  this  family  are  similar  to  those  of  Phlodioty- 
iD^  in  the  form  and  arrangement  of  the  cell  apertures,  but 
they  consist  of  fenestrate  fronds,  arising  directly  from  a  spread- 
ing base. 

Clathropora,  Hall. 
(Pal.  N.  Y.,  Vol.  II,  p.  169.    1852.) 

Type,  Clathropora  frondosay  Hall. 

Original  diagnosis.  "Ramose  or  reticulate  corals;  uniformly 
poriferous  on  both  sides  of  the  reticulate  fronds  and  all  sides  and 
branches  of  the  stems  of  the  ramose  forms ;  apertures  of  cells 
more  or  less  quadrangular ;  regularly  arranged  in  series  parallel 
to  the  direction  of  the  stems  or  obliquely  in  quincunx  order." 

Two  forms  which  can  not  be  placed  in  the  same  genus  were 
embraced  in  this  description.  The  forms  which  have  been  con- 
sidered for  the  past  forty  years  as  Clathropora  have  the  same  gen- 
eral appearance  and  manner  of  growth  as  Cosoinium,  but  the  cell 
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[  itructure  resembles  that  of  PriLoDiori-A.     CtatAroj?(»'a/r(md^mM 
must  then  be  coasidered  as  the  type  of  the  genua. 


Family  Acrogenidie. 

This  family   includes  segmented  forms,   celluliferous  on  each 

face,  segments  naiTo\\',  very  gradually  increasing  in  width;  mar 

gins   noncelluliferous.      It  includes  the  genera  Aokoi^knia    and 

DiCRANOFOKA. 

ACKOI.ENIA,    Hall. 

(Kept,  of  State  Geologist,  }i.  51.     1SS4.) 
Type,  Acrogenia,  prolifera.  Hall. 

(Plate  15,  figs.  11-20.) 
Zoarium  segmented,  arising  from  cylindrical  rootlets.      Two 
segments  proceed  from  the  truncated  termination  of  the  preced- 
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ing  one;  base  of  each  segment  obconical;  terete  above  and 
strongly  striated,  gradually  becoming  flattened  and  ceilaliferous ; 
apertures  in  rows  separated  by  ridges ;  central  ranges  of  aper- 
tures the  smaller;  apertures  with  comparatively  prominent 
lunaria, 

DioRANOPOBA,  Ulrich. 
(Jour.  Cin.  Soc.  Nat.  Hist.,  Vol.  V,  p.  166,  pis.  6,  7.) 
Type,  Dicranopora  intemodia,  Ulrich. 

Zoarium  comprised  of  bifurcating  segments;  bifurcations 
short;  extremities  truncate;  a  bifurcating  segment  arising  from 
each  preceding  truncated  extremity;  margins  subparallel;  cell 
apertures  usually  arranged  in  parallel  longitudinal  rows,  sepa- 
rated by  ridges ;  the  apertures  of  the  outer  rows  being  larger 
than  the  others ;  margins  of  segments  noncelluliferous. 

This  genus  bears  some  resemblance  to  Aoroobnia,  but  differs 
from  that  genus  in  the  fact  that  each  two  segments  proceed  from 
the  bifurcations  of  the  preceding  segment  instead  of  from  the 
truncated  extremity  of  a  simple  segment. 

GoNioTRTPA,  Ulrich. 

(Micro.  Pal.  of  Canada,  PL  2,  p.  14 ;  PI.  9.     1889.) 

Type,  Ooniotrypa  hilateralia^  Ulrich. 

^'  Like  Dicranopora  in  all  respects,  save  that  there  is  a  promi- 
nent median  ridge  on  each  of  the  two  faces  of  the  double-leaved 
segment."     (Ulrich). 

Family  Thamnotrypidx. 

This  family  includes  at  present  only  the  genus  Thamnotrypa,  a 
form  which  can  not  well  be  included  in  any  of  the  existing 
families. 
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TaiMMOTKTPA,  Hall. 
{Pal.  N.  Y.,  Vol.  VI,  p.  101,  PI.  33,  i 
Type,  ThamTwtrypa  dwaricaia,  HalL 

(PlaM  13,  figs.  7,  8,) 
Ziarium  consisting  of  a  very  narrow  stipe,  from  which  pro-  \ 
ceed,  rectangularly,  lateral  branches ;  celluliferous  on  each  face ; 
cell  apertures  oval ;  usually  disposed  in  two  parallel  longitudinjil 
rows,  separated  by  a  prominent  ridge.  Sometimes  three  rows 
occur  and  occasionally  four  rows  for  a  short  distance  on  the 
Btipe.  On  the  lateral  branches  there  are  never  more  than  two 
rows. 

Family  Arthroclemidae. 

Zoarium  articulated,  ramose  ;  consisting  of  numerous  subcylia- 
drical  segments;  cells  subtubular,  more  or  leas  oblique ;   radially  I 
arranged  around  a  central  axis,  opening  on  all  sides  of  the  seg^  I 
ments.   The  family  includes  the  following  genera:  Abthsoolbj 
Helopob4  and  (?)  SoKprHopjKA. 


AurnRocLEMA,  Hillings, 

(Pal.  Fo.ss.,  Vol.  I,  p.  .-,4.     1862.) 

Type,  Aftlirodciiia  puh-hella,  Billings. 

Zoarium  jointed,  composed  of  numerous 'siibcyliniirical  sei:- 
ments;  celluliferous  on  all  sides ;.  arranged  in  a  pinnate  manner: 
articulation  botli  terminal  and  lateral.  The  segments  are  of 
three  kinds,  primary,  secondary  and  tertiary.  The  primarv 
segments  form  the  strong  central  stem,  of  which  each  seg- 
ment has  normally  one  or  two  sockets  on  opposite  sides,  for 
articulation  with  the  secondary  segments,  which  usually  articu- 
late in  like  manner,  terminally  with  each  other  and  laterally  with 
still  more  slender  tertiary  segments;  cells  subtubular,  ui>ertui'es 
ovate,  oblique,  the  lower  border  more  or  less  prominent :  disposed 
in  longitudinal  rows  separated  by  ridges. 
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Fio,  loe 

F.a.  IM. 

A.  comufum,  one  oC  lh>^  primary  seitmentG.  shon-lng  lalerkl  BOctela. 

Fio  107. 

g  Bockela  near  the  base  of  PBCh, 

Five  or  the  secondary  wtginents,  natural  size,  and  zT. 

Fia.  IW. 

A.  ttriatum,  interal  view  of  a  large  aad  strongly  »trUt«d  primary  aegmeat 

Kio.  110. 

A.armatum.  a  eompleM  wgiiif  m  of  the  leoondftry  bM,  i18. 

Flo.  111. 

A.  comutun,  a  primary  srsmeDt,  iltt. 
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Helopoba,  Hall. 

(Pal.  N.  Y.,  Vol.  U,  p.  44.     1853.) 

Type,  Heloporafragiliny  Hall. 

Zoarium  consisting  of  numerous,  subequal,  small  cylindrical 

segments,  articulating  terminally ;  celluliferous  on  all  sides  ;  cell 

tubes  somewhat  oblique,  rectangular  to  the  surface,  or  geniculate  j 

cell  apertures  oval ;  arranged  in  a  diagonally  intersecting  series 

or  in  longitudinal  series  separated  by  ridges. 


SoKPTKOPOKA,  III  rich. 

(American  Geologist,  Vol.  I,  p.  228.     1883.) 

Type,  Sceptropora  facula,  Ulrich. 

Segments  club  shaped  ;  the  lower  half  striated  ;  noncelluliferous; 
the  extremity  bulbous;  upper  half  expanded  ;  the  center  of  the 
top  with  a  large  socket;  cells  tubular,  arranged  between  vertical 
lines ;  apertures  ovate. 
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H  iecUoc  or  Uw  expuided  p<9tLon  of  ft  verj  Ursa  we^mtnt-    AU  xl8. 

Family  Rbomboporidx,  bov.  fam. 

Zoarium   ramose    solid ;    apertures    more    or    less    regularly 

arranged,  oval  or  circular,  placed  at  the  bottom  of  a  slopiog 

area,  rhombic  or  hexagonal  in  outline,  or  between  straight  or 

flexuouB  longitudinal  ridges ;  mesopores  wanting. 

The  following  genera  are  included  in  this  family;  C(ELoooinjB, 
Khoubopoba  and  Tbbmatslla. 

CtELOooKue,  Ulrich. 
(Geol.  Sur.  Ill,  Vol.  VIII,  p.  402.     1890.) 
Type,  CcBlooonus  rhombicus,  Ulrich. 
"Zoarium  simple,  hollow,  expanded  gradually  from  the  stri- 
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ated  and  subacute  basal  extremity;  substance  thin;  exter 
characters  of  zooeciaasin  Rbohbopoici;  primitive  portion  sbo 
hemisepta  well  developed,"    (TJlbioh.) 


i 


1 


Bhohbopora,  Meek. 
(Pal.  Eastern  Nebraska,  p.  141.) 
Type,  likomhopora  lepid«dendroidea.  Meek. 

<PlBtel9,  fign.  10-13.) 
Zoarium  ramose,  solid;  cells  cylindrical,  radiating  from 
imaginary  axis;  tabulate;  cell  apertures  disposed  in  strai^ 
longitudinal  rows  or  in  diagonally  intersecting  rows, 
the  former  case  the  rows  are  generally  separated  by  proi 
neot  ridges ;  in  the  latter  the  interapertural  surface  consi 
of  rhombodial  or  polygonal  elevations  surrounding  the  ap 
turos.  Usually  nodes  or  short  spines  occur  between  the  o 
apertures.  The  intercellular  space  near  the  surface  is  occupi 
by  tubuli  formed  by  the  growth  of  the  interapertural  nodes. 

Tbkuatella,  Hall. 
(Rep.  of  N.  Y.  State  Geologist  for  1886,  advance  sheets.) 

Type,  Tr.'inatdla..uu,nlata,  Hall. 

(Pliiti-  10,  Mgs.  6-9.) 

Tlio  internal  character  is  similar  to  that  of  UnnMnoror.a,  t 
the  cells  are  more  closely  disposed  ami  the  intercellular  spact; 
generally  solid  ;  but  sometimes  the  spiniforra  tubuli  occur.  T 
apertures  are  more  closely  arranged  in  a  somewhat  (juincu 
order,  surrounded  by  polygonal  elevations.  The  monticules  s 
elongated  laterally  and  are  so  disposed  as  to  give  to  tiie  branch 
an  annulated  appearance.  This  peculiar  dis]»ositiijn  of  tlie  luf 
ticules  has  been  observed  in  all  the  species  of  the  gcnns. 

Family  Streblotrypidae,  Ulrich,  cuienii. 
The   forms   included   in   this  family  are  very  similar    to    t 
Uhomboporio.k,  but  they  have  in  the  peripheral  portion   interc 
lular  tubuli  and  interapertural  polygonal  pits. 
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(Geol.  Sur.  lU..  Vol.  VIII,  p.  103.     1890.) 
Type.  Streblotrypa  Nickelsi,  Ulrich. 

(Plate  19.  HgB.  14,  15.) 

The  internal  and  external  characters  of  this  genus  are  very 

similar  to  those  of  Khousopora,  but  between  the  ends  of  Uie  cell 

apertures  are  one  or  more  angular  pits,  and  in  the  peripheral 

intercellular  space  mesopores  instead  of  "spiniform  tubuli." 

Callotbtpa,  Hall. 

(Pal.  N.  Y.,  Vol.  VI,  p.  24.     IfcST.) 

Type,  CaUotrypa  maoropora.  Hall. 

(Plate  18,  flgs.  e-U.) 
Zoarium  ramose  solid ;  cells  arising  from  an  imaginary  axis  at 
the  center  of  the  branch;  cell  apertures  oval,  irregularly  dis- 
posed; peristomes  equally  elevated;  interapertural  space  occu- 
pied by  angular  pits;  sometimes  there  are  also  more  or  less 
prominent  spines ;  peripheral  intercellular  space  occupied  by 
mesopores  and  spiniform  tubuli. 

The  internal  structure  of  this  species  is  almost  identical  with 
STRb  BLOTRYPA,  but  it  difiFers  from  that  genus  in  having  the  cell  aper- 
tures irregularly  disposed  and  entirely  surrounded  by  the  meso- 
pore  apertures. 

Btihopoea,  Miller  and  Dyer. 

(Cont.  to  Pal,  No.  2,  p.  6.     1879.) 
Type,  Bythopora  fruticosa.  Miller  and  Dyer. 
'*  Dendroid,  branches  small,  sometimes  anastomosing;  smooth; 
cell  apertures  longer  than  wide;  separated  by  impressed  lines." 


Family  Rhabdosemonidfe,  Vine. 
This  family  inclailes  forms  whose  external  characters  are  a 
lar  to  those  of  Rhiubopdkid.e,  but  the  cells  arise  from  a  fllif' 
axis  at   the   center  of   the  braocb.     It   includes  the  follon 
genera:  Aoartboclema,  NsuATAzia  and  (?) Trofid -pora. 


AoANTBOOLKMA,    Hall. 

(Pal.  N.  Y.,  Vol.  VI,  p.  7«.     1887.) 

Type,  AcanthocUma  alternatum.  Hall. 
(Plate  16.  figs.  6-13.) 

Zoarium  ramose,  branches  slender,  cells  cylindrical,  arif 
from  a  Sliform  axis  at  the  center  of  the  branch ;  cell  aperti 
oval,  arranged  in  longitudinal  parallel  rows,  separated  by  rio 
or  in  diagonally  intersecting  rows ;  each  aperture  enclosed  t 
polygonal  elevatim.  Notfes  or  conical  spines  usually  oc 
between  the  cell  apertures.  When  the  interapertural  spac« 
spinuloae  the  intercellular  space  is  occupied  by  tubuli  formed 
the  growth  of  the  hollow  spines.  When  the  spines  are  abt 
the  intercellular  space  is  solid.  The  external  characters  of 
genus  and  Rhohuopora  are  so  similar  that  a  knowledge  of 
interna!  characters  is  nei^os^jary  to  distingiiisli  the  gf^ntra. 

Nkhataxis.   Hall. 
{I'al.  N.  Y;,  V<jl.  VI,  p.  7^.     l-^ST.) 

Type,  X,'M"f'i.n\^   fihro.^a.  Hall. 

(Pliit.-!fi.fiKH.  15-18.) 

Zoariun)  ramose;  cells  tylindrifal,  arising  from  a  central  filifi 
axis,  <liverging  at  an  angle  of  forty  five  degrees  until  with 
short  distance  of  the  surface,  whtin  they  aiirujitly  turn  outw; 
the  former  portion  of  the  cells  in  contact,  the  latter  slightly  si 
rated;  interspace  apparently  solid;  cell  apertures  oval,  arrange 
parallel  longitudinal  rows,  separated  by  a  ridge;  jieristomes  ^ 
thin,  slightly  elevated  On  the  surface,  at  intervals,  there 
TO'inticnles  destitute  of  cell  ajiertures.  which  extend  across 
branch  and  give  to  it  an  annulated  appearance.  Frequentl 
siilid  calcareous  growth  extending  over  the  branches  obliter 
all  traces  of  the  cell  apertures. 
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Tbofid^poba,  Hall. 
(Report  of  N.  Y.  State  Geologist  for  18S6,  Expl.  pi.  25.     1886.) 
Tyjie,  Tropidopora  nana,  Hall. 

(Plate  16,  figs.  1,2.) 
Zoariutn  minute,  ramose;  cell  apertures  arranged  in  irregalar 
longitudinal  rows,  separated  by  sinuous  ridges;  peristomes  very 
thin,  slightly  elevated. 

It  has  been  impossible  to  determine  the  internal  character  of 
this  genus,  but  the  exterail  characters  are  so  different  from  other 
Trematoporoid  forms,  that  there  hereseemaaneoftssity  fora  new 
genus. 

Family  BactroporitUe. 

Bactsopoba,  Hall. 
(Pal.  N.  T.,Vol.  VI,  p.  19;(.     1887.) 
Type,  Baciropora  granistriaia.  Hall. 

(Plate  16,  figs.  13,  U.) 

Zoarium  simple,  unbranched,  lower  extremity  pointed,  striated ; 

external  and  internal  characters  very  similar  to  Bhohbopoba, 

but  it  can  not  be  placed  in  the  family  Biiombopobid^,  on  account 

of  its  simple  form  and  pointed,  striated  base. 

Mematofora,  Uirich. 

(Geol.  Sur.  Ill,  Vol.  VIll,  p.  401.     1890.) 

Type,  Nematopora  quadrata,  Uirich. 

"  Zoarium  ramose,  very  slender;  continuous  above  the  pointed 
basal  extremity;  cells  subtubular,  short;   arranged  in  a  radial 


i 


% 
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I  manner  around  a  very  minute  axial  tube;  apertures  elongate 
oval,  with  a  very  thin,  equally  elevated  }>eristoine;  disposed  in 
longitudinal  aeriea,  separated  by  smooth  or  granulose  ridges. 

Family  Chilotrypidx. 
Chilotbtp*.  Ulrich. 
(Jonr.  Cin.  Sac.  Nat.  Uist.,  Vol.  VII,  p.  4fl.     IS8*.) 
Type,  C/iiUitryjia  hispula^  Ulrich. 

(Plate  21,flgi.  1,3.) 
Zoariura  ramose,  branches  cylindrical;  cells  tubular,  arising'''" 
[  from  a  small  axial  tube  and  curving  to  the  surface ;  ajjertures 
I  oval,  oblique  to  the  surface,  the  lower  portion  of  the  peristome 
I  "being  the  most  strongly  elevated;  frequently  arranged  in  diag- 
1  onally  intersecting  rows;  interapertural  space  solid  ;  intercellular 
I  space  vesiculose;   vesicles  comparatively  large  and  irregularly 


J 


Family  Fistuliporinidjc. 

The  forms  comprised  in  this  family  consist  of  explanate  fronds,  ] 
free  or  inerusting,  globular  or  semiglobnlar  masses,  occasion-  ] 
ally  ramose,   with   hollow  branches;    cells  tubular,  cylindrical,.] 
arising  from  a  base  consisting  of  a  wrinkled  epitheca ;  cell   walls 
smooth,  entire:  intercellular  sp;ice  occupied  by  vesicular  tissue, 
or  tabul.ite  mesopores,  serving  as  a  support  to  the  slender  cell 
tubes. 

Some  of  the  forms  have  liithcrto  been  included  in  the  fjimily 
FisTULipniiiD.i:,  but  tliey  differ  from  ihe  forms  properly  included 
in  thjit  family  by  the  entire  !il)sence  of  ]>seudosepta,  a  difference 
in  the  cell  structure  which  uiust  be  accompanied  byacorres]>ond- 
ing  difference  in  the  structure  of  the  animal.  The  following 
genera  are  included  in  this  family:  C'l.i.ooArLis.  Fistcliporiua, 

LlClIBMOlKl'l'A,  PiNACDTKVI'A. 

C'l  i.'.cA)  LIS,  Hall. 
Il'al.  X.  v.,  Vol.  VI,  p,  23,     1>S7.) 
Type,  Cnhraidh  mi»s!.,.  Hall. 

(Plato  L'l.  tit;-:.  3-ri.) 
Zoariuni   ramo.';e,  hollow,  ijiucr  surface  a  thin  epitheca  with 
transvtjrse  wrinkle.-;,  and   liae  lunf^ituilinal  siriations:  celts  tubu- 
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lar,  arising  from  the  epitheca,  and  parallel  with  it  for  a  short 
distance,  then  turning  abruptly  outward ;  apertures  circular  or 
oval,  sometimes  irregularly  disposed,  at  other  times  in  a  more  or 
less  regular  quincunx  order;  peristomes  thin,  distinctly  and 
equally  elevated,  usually  smooth,  but  sometimes  with  numerous 
minute  nodes  or  spinules ;  intercellular  space  occupied  by 
irregularly  disposed  vesicles,  or  by  regularly  superimposed 
vesicles,  resembling  tabulate  mesopores;  interapertural  space 
occupied  by  minute  angular  pits.  This  genus  has  been  con- 
sidered by  one  or  more  authors  as  a  synonym  of  Chilotrypa,  but 
the  structure  is  radically  different.  In  that  genus  the  cells  arise 
from  a  small,  irregularly  contracting  and  expanding  tube,  and 
the  posterior  portion  of  the  peristome  is  much  the  thickest, 
strongly  elevated  and  hood  like.  Compare  the  figures  of  the 
two  genera. 

FisTULiPOBiNA,  nov.  gcn. 

(Plate  21.  figs.  11-16.) 

Type,  FistvZiporina  serrulata. 

Zoarium  usually  consisting  of  free  or  incrusting  explanate 
fronds,  or  of  masses  formed  by  the  accretion  of  successive  layers 
of  growth ;  cells  tubular,  cylindrical,  rectangular  or  oblique  to 
the  surface  ;  intercellular  space,  near  the  base,  occupied  by 
irregularly  disposed  vesicles;  above  by  regularly  superimposed 
vesicles,  or  by  tabulate  tubuli  (mesopores) ;  cell  apertures  circu- 
lar or  oval ;  irregularly  disposed  ;  peristomes  equally  developed, 
often  prominent ;  often  granulose  or  spinulose ;  interapertural 
space  occupied  by  angular  pits,  and  frequently,  in  addition,  by 
more  or  less  prominent  conical  nodes  or  spines.  This  genus 
differs  from  Fistulipora.  in  the  form  of  the  cell  tube,  and  in  the 
absence  of  pseudosepta  and  lunaria. 

PiNAOOTRYPi,  TJlrich. 

(Geol.  Sur.  111.,  Vol.  VIII,  p.  384.     1890.) 

Type,  Pinacotrypa  elegans,  Ulrich. 

"Thin,  contorted  expansions,  with  a  wrinkled  epitheca  below; 
cells  with  subcircular  apertures,  and  well-developed  granose  peris- 
tomes, thin  walls,  and,  so  far  as  observed,  no  lunarium ;  inter- 
cellular spaces  wide,  occupied  by  a  single  series  of  very  large 
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angular  inc80|>ores,  which  never  present  the  appeamnce  of  vesi 
lur  tissue;  tabular  horizontal,  few  in  tho  cell  tubes,  numerous 
the  mesoporea." 

Family  Favicellida:. 
This  family  includes  those  forms  having  the  cell  apertures  i 
depressed  vestibular  area,  enclosed  by  angulir  elevations,  s 
comprised  of  two  groups,  in  one  of  which  the  interapertural  s 
face  is  solid,  in  the  other  occupied  by  angular  pits.  It  inclui 
the  genera  Favioella  and  Liohekotetpa. 

Favioklla,    Hall. 
(Pal.  N.  Y.,  Vol.  VI,  p.  xviii.     18S7.) 
Type,  J^avicella  inchma,  Kail. 

{Plate  34.  figa.  15-17.) 

Zoarium  consisting  of  thin,  lamellate  expansions,  free, 
inorusting  other  objects;  cells  tubular,-  cylindrical;  for  neai 
one-half  their  length  parallel  and  in  contact  with  "the  epithec 
then  somewhat  abruptly  bending,  continuing  almost  rectanguUi 
to  the  former  portion,  and  opening  directly  outward;  in& 
cellular  space  occupied  by  vesicles,  usually  regularly  supi 
imposed,  and  having  the  appearance  of  tabulate  mesopores  abo 
two  thirds  the  diameter  of  tho  coll  tiiho-i,  with  cIikl-Iv  di^pjs. 
tabul;e  ;  cell  a])ertures  circuJaf,  irregularly  dis[itised  ;  periston! 
thin,  e'|ually  elevated,  ^lidway  between  the  cell  apertures  a 
comparatively  BtriHig,  angular  ridges,  wliicli  ctiales:;e  and  inch: 
the  apertures  in  pentiignnal  oi'  hexn<jonal  vestibular  areas.  T 
surface  between  the  angular  i-idges  and  cell  a|>erLure3  is  occiipii 
by  minute  angular  pits,  of  much  less  diameter  than  the  vesicli 
On  the  surface  at  intervals  are  monticules  occu|iiod  by  pits 
vesicles  at  the  center  ;  tho  cell  uperLiires  imniediiireiy  siiiToiliidil 
them  being  larger  tlian  thoie  on  other  portions  of  the  frond. 


LiDHKXOTRVi'i,  riri 

(Clint.  Amor.  ISil,,  p.  :! ;, 

Type,  L;.l„n<.tr>jpa   Imuj^jniu,,  IJ;dl,  I 


sisLing   of    thin   laminate   ex|>.insiiii 


Ziarium 
other  objects.     In  the  earlier  stages  of  g 
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observed  near  the  margin  of  the  frond),  the  cell  tubes  are  very- 
short,  the  apertures  oval,  closely  and  irregularly  disposed ;  per- 
istomes prominent,  the  posterior  portion  strongly  elevated  ; 
interapertural  space  smooth,  flat  or  slightly  concave.  As  the 
growth  continues  the  posterior  portion  of  the  peristomes  becomes 
more  elevated,  and  those  of  adjacent  apertures  are  united  by 
thin  irregular  connecting  walls,  which  traverse  the  interapertu- 
ral spaces,  and  gradually  form  an  elevated  and  very  irregular  net- 
work, which  at  numerous  points  is  further  elevated  into  strong 
spines.  The  apertures  of  some  of  the  cell  tubes  occupy  one  side 
of  the  bottom  of  the  large  depressions ;  while  others  have  grown 
with  the  net-work,  and  are  on  a  level  with  numerous,  irregularly 
distributed,  angular  and  smaller  cells,  probably  corresponding  to 
the  vesicular  tissue  of  the  immature  type. 

Family  Selenoporidae. 

This  family  includes  the  forms  similar  to  LicHsifA  ia,  but  hav- 
ing the  cell  apertures  enclosed  in  a  vestibular  area  formed  by  the 
coalescence  of  thin  prominent  plications. 

Selbkopoba,  Hall. 
(Pal.  N.  Y.,  Vol.  VI,  p.  xvii.     1887.) 
Type,  Selenopora  circincta,  Hall. 

(Plate  24,   figs.  4-7.) 

Zoariura  forming  incrusting  expansions.  Cells  tubular,  oblique 
to  the  surface,  pseudo-septate ;  frequently  alternating  and  imbri- 
cating ;  apertures  circular  or  slightly  oval ;  anterior  p  >rtion  of 
peristome  slight  or  entirely  wanting  ;  posterior  portion  strongly 
elevated,  denticulated,  projecting  over  and  partially  concealing 
the  aperture.  The  posterior  portion  of  the  peristomes  are  con- 
nected by  prominent  oblique  walls,  which  traverse  the  surface 
between  the  apertures,  uniting  and  forming  polygonal  vestibular 
areas ;  the  cell  apertures  being  situated  on  the  posterior  portion 
of  the  floor  of  the  area ;  surface  with  flat  circular  macuhe  des- 
titute of  cell  apertures.  The  cell  apertures  adjacent  to  these 
macuUo,  and  radiating  from  them,  are  larger  and  more  oblique 
than  those  on  other  portions  of  ohe  frond  ;  intercellular  structure 
the  same  as  in  Fistulipoba.     It  is  distinguished  from  the  Odonto- 
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THVPiD«  by  the  cell  apertures  being  situated  in  vestibular  arcwB 
from  Favioellid^  by  the  presence  of  pseudoseptii  and   lanaim    | 

[Family  Fistuliporida,  Waagen.  emend. 

The  forms  comprised  in  ibis  family  usually  consist  of  explanai* 
fronds,  free  or  incmsting,  globular  or  aubglobular  masses,  or 
sometimes  of  irregular  masses.  Cells  tubular  with  two  pseudo- 
septa  and  a  lunarium  at  the  aperture ;  intercellular  space  occupied 
by  vesicles  or  tabulate  mesopores ;  near  the  base  invariably  by 
vesicles,  which  probably  serve  lo  support  the  slender  cell  tubes. 

The  general  appearance  of  these  forms  is  very  similar  to  the 
FiBTDLiPUBiJirD^,  Liut  they  may  very  easily  be  distinguished  by 
the  presence  of  pseudosepta  and  lunaria.  "The  peculiar  horse- 
shoe shaped  sinus  along  one  side  of  the  autopores  (cell  tubes) 
formed  by  the  pseudosepta  has  been  considered  with  muoh  prob- 
ability, a8corres]H)ndingin  the  living  animal  with  a  ciliated  groove 
("siphonoglyphe")  such  as  is  found  in  the  oesophagus  of  tbe 
Alcyonarians. 

"  It  is  but  fair  to  state  here,  that  several  authors  consider  Fistu- 
LiPORA  and  allied  genera  to  be  ccelenterate  corals  of  the  order 
Alovonabu,  and  lo  increase  by  cceoenchymal  gemmation;  that 
the  cell  tubes  are  occupied  by  autozooids  and  the  vesicles  or 
mesopores  by  siphonozooids. 

"In  ctvnenchyraal  gemmation  a  number  of  these C(i-uencliymal 
tubes  apparently  unite  to  form  together  a  new  autozooid,  so  that 
several  reduced  individuals  become  blen<led  ti>getliei'  into  a  singit^ 
|>erfectone.  *  -^  ^  Now  with  this  transformation  a  great  chaii>:t- 
in  size  certainly  goes  hand  in  hand,  and  the  newautozooid  certainly 
re^juires  much  more  room  than  did  the  siphonozooid.  It  migln 
then  be  imagined  that  in  reality  that  only  one  of  the  sijihunn- 
/.ooids  inhabiting  the  cu'nenchymal  tube  is  transformed  into  an 
antOKooid,  Imt  to  make  room  for  the  new  individual,  thus  formed. 
the  surrounding  siphonozooids  <lie,  ami  that  tlie  tirst  sign  of  the 
beginning  of  the  decay  is  just  tlie  tliickcniug  of  the  outer  walls, 
wliit-h  are  destined  to  form  together  tlie  outer  wall  of  the  new 
autozwid."  (Waagen,  l'aL'C"nt()grapliiciiIndica.Vol.  I,  Ser.  XIII, 
,,,,.  9U5,  ;>,«•.) 

If  this  view  is  correct,  the  vesicles  (ciiiicn:;h_vmal  tubes)  should 
be  smaller  than  the  autopoi'o,  but  in  reality  tliev  are  freciuently 
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larger,  as  in  Lichenalia  cvlteUata^  where  the  diameter  is  from 
two  to  four  times  that  of  an  autopore ;  and  it  seems  almost  a 
rule  that  the  smaller  the  autopores,  the  larger  the  vesicles  pro- 
portionally. 

The  forms  of  Fisttjlipoba  so  gradually  pass  into  other  genera  of 
undoubted  Bbyozoa,  that  sometimes  it  is  difficult  to  distinguish 
the  genera  apart,  especially  from  fragments.  Fiatvlvpora  ceUata 
and  Intropora  puteolata  have  the  cells  and  intercellular  tissue  so 
similar,  that  it  is  only  possible  to  distinguish  the  two  genera  by 
their  mode  of  growth ;  the  one  consisting  of  lamellate  incrusta- 
tions, and  the  other  of  bifoliate,  dichotomously  divided,  flattened 
branches,  with  noncelluliferous  margins. 

FisTULiPOBA,  McCoy. 
(Ann.  and  Mag.  Nat.  Hist,  2d  Series,  Vol.  Ill,  p.  130.    1849.) 
Type,  Mstulipora  incrnsianSj  Phillips  (sp.). 

(Plate  22,  figs.  11-18.) 

Zoarium  incrusting  or  massive,  under  surface  of  explanate 
forms  consisting  of  a  wrinkled  epitheca ;  cells  tubular,  tabulate ; 
with  two  more  or  less  prominent  pseudosepta  along  one  side, 
giving  a  bilobed  or  trilobate  form  to  a  section  of  the  cell ;  inter- 
cellular space,  near  the  base,  occupied  by  irregularly  disposed 
vesicles ;  above  by  vesicles  or  tabulated  mesopores ;  sometimes 
the  vesicles  are  so  regularly  superimposed  that  they  resemble  the 
tabulate  mesopores;  cell  apertures  irregularly  and  generally 
closely  disposed,  bilobate  or  trilobate  in  outline,  and  having  on 
the  septate  side  a  prominent  lunarium;  interapertural  space 
occupied  by  mesopore  apertures  or  vesicular  cavities ;  surface 
usually  with  monticules  or  maculae,  the  centers  of  which  are 
generally  occupied  only  by  angular  pits,  the  cell  apertures  imme- 
diately surrounding  them  being  larger  than  those  on  other  por- 
tions of  the  frond. 

Lichenalia,  Hall. 

(Pal.  N.  Y.,  Vol.  II,  p.  171.    1852.) 

Syn.,  Di/bo2V8kieUa.     Type,  Lichenalia  concentrica^  Hall. 

(Plate  23,  figs.  8-10;  PI.  23,  figs.  1-6.) 

Zoarium  having  the  same  general  appearance  and  manner  of 
growth  as  Fhtulumka,  but  the  interapertural  surface  is  solid. 


Report  of  the  St.v 

Notwithstandiag  statements  to  tbo  coDtrary,  it  is  a  fact  that  t 
same  species  has  invariably  a  cellulose  interapertural  surface 
a  solid  one.    Both  characters  do  not  occur  on  the  same  spi 


FiSTOUFOBBLLA,  DOT.  gen. 

Type,  Fistidijiorella  constrinta,  Hall  (sp.). 
(Plate  82.  flgs.  B-7.) 

Zoarium  laminar  or  massive  from  the  Buperposition  i 
cessive  layers  of  growth  ;  cells  tubular ;  pseud oseptate,;  apertur 
subcircular,  enclosed  in  a  sloping,  polygonal,  vestibular  area.  C 
the  interapertural  surface,  in  addition  to  the  vesicular  cavilie 
are  small  oval  apertures,  with  equally  elevated  peristome 
intercellular  space  vesiculose. 


I 


Stbotopoka,  Ulrich. 
(Gool.  Bur.  Ill,  Vol.  VIII,  p.  3S3.     1S90.) 
Type,  SCrotopora  faveolata,  Ulrich. 

"  Eamose,  branches  large,  irregular,  solid  or  hollow ;  larg 
abruptly  spreading  cella,  which  are  supposed  to  represent  ooecii 
are  distributed  amonp:  the  ordinary  cell  apertures.  When  we 
[jreserved  tliey  uptii.'iir  nn  tlie  siirlaii.'  ;is  sLinjiyly  cuiivt-.x  iiutlt- 
with  an  opening  on  one  side.     In  all  ollitr  ^.■^^f('Is  ilicy  itre  111, 

Fl9TLLIP.1B4.'' 
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Family  Odontotrypidae. 

The  forms  included  in  this  family  are  usually  very  thin,  incrust- 

ing  expansions,  but  sometimes  ramose,  branches  hollow;  zoarium 

thin;  cells   short,  oblique,   pseudoseptate ;    intercellular    space 

vesiculose ;  Interapertural  space  solid. 

Ebidopoba,  Ulrich. 
(Jour.  Cin.  Soc.  Nat.  Uist.,  Vol  V,  p.  1S7.     1882.) 

Type,  Eridopora  macro8ton\a,  Ulrich. 

Original  diagnosis.  "Zoarium  thin,  iocrustiog.  Cell  aper- 
tures subtriangular  or  ovate,  and  more  or  less  oblique,  vith  the 
margin  strongly  elevated  on  one  side,  or  the  peristome  may  extend 
unequally  all  around  the  aperture  ;  it  being  always  more  promi- 
nent on  one  side  than  the  other.  Cell  apertures  surrounded  by 
from  one  to  three  series  i-f  smaller,  angular,  interstitial  cells, 
which,  when  the  zoirium  is  voW  preserved,  is  covered  by  a 
membrane.    Intercellular  spice  occupied  by  vesi'  ular  tissne." 


Odoutotkypa,  Hall. 
(Report  of  N.  Y.  State    Geologist  for  18S5;  advance   sheets, 
explanation  plate  30,  Ogs.  2-1-27.     1&8C.) 
Type,  Odontotrypa  alveata.  Hall. 

(Plate  24,  tigs.  1-3.) 
Zoarium  consisting  of  very  thin  expansions  inorusting  other 
objects;  cells  oblicjue,  frequently  imbricating;  pseudoseptate; 
apertures  obliciue  to  the  surface,  trilobate,  irregularly  and  very 
closely  disposed ;  peristomes  tbin,  anterior  portion  slightly 
elevated ;  posterior  portion  more  strongly  elevated,  and  having 
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two  prominent  dcnticulatioiis,  producing  a  oresoentio  proJB 
interoeltiilar  space  vesiculose;  surface  with  elongate  depi 
maculic,  destitute  of  cell  apertures. 
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PlLEOTttVPA,  Hall. 

(Pal.  N.  Y.,  Vol.  VI,  p.  XV!.     1887.) 

Type,  Pihotrypa  denticulaia.  Hall. 

(PUm  as,  figs.  8-15.) 

Zoariiim  usually  congisting  of  tbin  incrusting  expansion 
one  form  having  the  same  characters  is  ramose,  branches  h( 

Coll  tubes  very  oblique,  frequently  imbricating,  pseudose[ 
coll  apertures  trilobate,  irregularly  disposed,  or  alternating 
imbricating;  anterior  portion  of  the  peristome  slightly  elev 
posterior  portion  strongly  elevated,  projecting  over  and  par 
concealing  the  aperture  ;  denticulate ;  on  some  parts  of  the  i 
the  upper  portion  of  the  cell  tubes  are  frequently  e-xposed 
third  or  more  of  their  entire  length  ;  intercellular  space 
pied'  by  irregularly  disposed  vesicles  on  tabulate  mesop 
surface  with  frequent  monticules  the  centers  of  which  are  ' 
tute  of  apertures;  from  this  space  the  cell  apertures  radia 
every  direction;  interapertural  space  solid. 

(-iLIISSOTRVPA,   ililll. 

(I'al.  N.  v..  Vol.  VI.  |i.  .wii.     1S8T.) 

Type,  (ihismtri/pn p-il'/'iniiis,  Ilall. 

(I'llitf  34.  liBM.  S-Kl.) 

Zoiiriuin  tubular,  cylindriciil,  hollow;  diameter  of  tube  2 
tiiickness  of  Koarium  .40  mm,  Cells  tubular,  with  frei 
narrow  projections,  (serai  diaphragms)  from  the  ceil  walls,  ex 
iug  partially  across  the  tube;  two  pseudosejita  <m  one  side 
apertures  (laiifonn,  very  closely  disposed,  frequently  in  diago 
intor.-icctiny  rows;  the  surface  presenting  a  reticulated  a]i 
ance;  uportures  with  denticulated  lunariura:  interapertural  ; 
elevated,  forming  riilges;  frequently  a  jirominenl  node  ii 
intersection  of  tlio  ridges;  sonieLinies  a  de)in'ssinii  or  \\\i  :  isii 
with  nn)nticu]es  which  are  laterally  in  cniitact,  '/w  inj,'  to  thf  1 
an  annulalud  appe  trance;  intercellid.u'  spire  M->icnln^e. 


r^ 
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Family  Ceramoporidae,  TJlrich. 

The  forms  in  this  family  are  usually  incrusting  lamellate 
expansions,  but  sometimes  free ;  cell  apertures  arched  or  triangu- 
lar, usually  imbricating;  no  pseudosepta. 

The  following  genera  are  included  in  the  family :  Ataotopoba, 
Cebamopoba  and  Pbtigopoba. 

Ataotopoba,  Ulrich. 

(Jour.  Cin.  Soc.  Nat.  Hist.,  Vol.  II,  p.  119.    1879.) 

Type,  Ataotopora  hvrsutay  TJlrich. 

^'  Zoarium  consisting  of  very  thin  expansions  incrusting  other 
objects;  cell  tubes  short,  very  oblique,  frequently  alternating 
and  imbricating ;  cell  apertures  oblique  to  the  surface,  oval  but 
appearing  petaloid  from  the  numerous  nodes,  which  occur  not 
only  between  the  apertures,  but  also  on  the  cell  walls  near  the 
aperture ;  surface  with  numerous  small  monticules,  the  centers  of 
which  are  destitute  of  cell  apertures." 

CEBAMOPOBA,  Hall. 

(Pal.  N.  Y.,  Vol.  II,  p.  16S.     1852.) 
Type,  Ceramopora  imbricata,  Hall. 

(Plate  20,  figs.  10-15.) 

Zoarium  consisting  of  flattened  discoidal  or  lamellate  incrust- 
ing expansions ;  cells  radiating  from  one  or  more  centers ;  ceU 
apertures  arched  or  triangular,  frequently  alternating  and  imbri- 
cating ;  mesopores  few  or  entirely  wanting ;  interapertural  sur- 
face solid. 

Petigopoba,  Ulrich. 
(Jour.  Cin.  Soc.  Nat.  Hist.,  Vol.  V,  p.  165.     1882.) 
Type,  Petigopora  gregaria^  Ulrich. 

Zoarium  consisting  of  small  circular  or  lamellate  expansions 
incrusting  other  objects ;  cell  tubes  rectangular  or  oblique  to 
the  surface ;  walls  very  thin ;    cell  apertures  oval  or  circular. 
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sometimes  polygonal;  very  frequently  oblique  to  the  surf 
alternating  and  imbricating,  with  frequent  comparatively  Is 
spines  at  the  angles  formed  by  the  junction  of  the  cell  wa 
surface  with  monticules  having  apertures  larger  than  those 
other  portions  of  the  frond,  the  cell  waits  usually  extMid 
above  the  surrounding  surface. 


l''iiniily  Ceramoporellids. 

CKBAMOrOUELLA,    ['llirh. 

I.Jour.  Citi.  tfnc.  XiU.  Hist-.  Vol.  V,  p.  i:. 

Typi'.  r,n,M.'p<>,',/l.i  '/i.s/iiiri,i,  l'\rich. 

Z'>;iriiiin  inci'iisling,  becomin;^  uiassive  by  iln 
iif  niitiii'i'-i;is  linn  hiyers;  cell  tuijes  short ;  viall 
Tiioiv  nr  less  ob!ii|iii.>;  pdstLTiur  jioftitm  >>(  pi' 
ek'vated,  uucullaLe,  denticulate;  mesnpoi'es  abm 
pleti'ly  isolating  the  cell  tubes:  surface  with 
of  cell  apertures,  frcra  whic'h  the  coll  ;i|ii.'r 
radiate  in  all  directions, 


Mi]i(Ti: 
thin; 
istouie 
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This  genus  ma.j  be  disLinguished  from  Csbahofoba  by  the 
numerous  mcsopores. 


Chiloforelia,  Ulrich. 
(Jour.  Gin.  Soc.  Nat.  Hist,  Vol.  V,  p.  157.     1882.) 

Type,  Ckiloporella  fahellata,  Ulrich. 

Original  diagnosis.  "Zoaria  rising  up  into  ilabellate  fronds 
from  a  greatly  expanded  heavy  crust ;  cell  tubes  long,  very  thin- 
walled  ;  large  and  of  irregular  shape  in  the  axial  region ;  walls 
much  thickened  near  the  surface  ;  apertures  ovate;  the  lunarinm 
conspicuously  elevated  ;  mesopores  numerous ;  diaphragms  few, 
generally  absent." 

(?)  Synonym  for  Fistulipoka. 
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I  Ckkcipora,  Ulrich. 

(Gool.  Sur.  III.,  Vol.  Vrr,  p.  40t.     1890.) 
Type,  Crepipora  dmulans,  Ulrich, 

locrustiag,  lamellate  or  massive  from  the  superimpositio 
successive  layers  of  gr')Wth ;  cells  slightly  oblique ;  pseudose{ 
apertures  rhomboidal  or  pyriform;  lunarium  prominent ;  sur 
exhibiting  at  irregular  intervals  minutely  porous  or  subs 
elevations  or  depressions ;  mesopores  usually  restricted  to 
maculic?. 


i  ^m. 


1  )lAMKSnPdKA,   Ililll. 

(Pal.  N.  Y.,  Vol.  II,  p.  158.     l-.5:i.i 
Type,  Di<tme»iip(,ra  dichotomy,  Hall. 

iPlate  IC,  fiRs.  3-,i.) 

Zoarium  ramose,   hollow;  thickness  of  fi'^ml    ulmiit  .oi'i   r 

Inner  surface  composetl  of  an  epitheca,  mai'lied  by  strong  ( 

centric  undulations  of  growth,  tine  concentric  strintions  and 

longitudinal  stniu,  caused  by  the  recumbent  pmiiuu  of  the 
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tubes ;  cells  tubular,  cylindrical,  arising  from  the  epitheca,  and 
for  about  one-half  their  length  parallel  with  it,  then  abruptly 
turning  outward  and  opening  obliquely  to  the  surface ;  apertures 
oval,  more  or  less  regularly  alternating  and  imbricating ;  pos- 
terior portion  of  the  peristome  strongly  elevated  and  cucuUate, 
projecting  over  and  partially  concealing  the  apertures,  with  two 
minute  denticulations ;  surface  with  frequent  maculad  destitute 
of  cell  apertures,  the  macular  immediately  adjacent  to  them 
being  larger  than  the  others  and  radiating. 

THE  MONTICULIPOROIDS. 

The  systematic  position  of  many  of  the  forms  which  have  been 
included  in  the  families  MoNTiouLiPORn)^  and  Fistulipobid^  has 
been  the  subject  of  much  discussion,  and  authors  are  not  nY)w 
agreed  whether  they  should  be  placed  with  the  BBfozoA  or 
the  Corals.  Although  in  this  work  they  have  been  placed  with 
the  Bryozoa,  undoubtedly  further  study  and  investigation  will 
show  that  some  of  the  forms  at  least  must  be  associated  with 
the  corals. 

Prof.  H.  A.  Nicholson  has  made  a  close  study  of  these  forms, 
and  in  his  Manual  of  Palaeontology,  Vol.  I,  p.  352,  he  sums  up 
the  matter  as  follows : 

"  It  must  be  admitted,  however,  that  the  zoological  affinities  of 
the  Monticuliporoids  is  still  a  matter  of  uncertainty ;  in  many  of 
their  features,  both  structural  and  developmental,  they  show 
marked  relationship  with  the  Actinozoa  generally  and  with  the^ 
Alcyonarca  in  particular,  while  in  others  they  approach  the 
PoLYzoA,  and  ii  must  in  the  meanwhile  remain  a  matter  of  indi- 
vidual opinion  whether  the  Monticuliporoids  should  be  con- 
sidered as  a  very  peculiar  group  of  corals  or  an  equally  peculiar 
group  of  PoLYzoA.  *  *  *  Leaving  the  external  form  of  the 
skeleton  entirely  out  of  consideration,  the  general  features  which 
favor  the  reference  of  the  Monticuliporoids  to  the  Coelenterates 
is  as  follows : 

1.  The  common  dimorphism  of    the  colony  in  the  Monticu 
liporoids  finds  its  best  parallel  in  Heliopora  and  Hbliolites,  the 
coulenterate  nature  of  which  is  undoubted.     In  particular  the 
structural  relationship  between  Fistulifor/l  and  Heliolites  or 
Plasmopora  are  exceedingly  close,  the  skeleton  in  both  consisting 
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of  large  sparsely-tabulated  tubes  (autopores)  separated 
Binaller  oloiely- tabulated  tubes  (mesopores),  and  the  form 
these  possessing  radial  structure  of  the  nature  of  sepi 
pseud  osepta. 

2.  The  Monticuliporoids  increase  by  fission  as  well  as  by 
mation,  whereas  the  recent  Bryozoa  appear  to  be  unifo 
characterized  by  a  gemrniparous  mode  of  development,  w 
varies  in  its  precise  detail  in  the  various  groups.  Moreover 
gemmation  of  Monticuliporoids  is  intermural,  and  is  prec 
similar  to  that  which  obtains  among  the  Favositid^. 

3.  Ccenencbyraat  gemmation  occurs  in  the  Fibtii-iporid^, 
mode  of  growth  boing  othern-ise  characteristic  of  Hblio: 
and  the  HicLiOLiTin.E, 

■Ir  The  walls  of  the  tubes  in  the  Monticuliporoids  are  impe 
ate,  while  in  the  calcareous  Bryozoa  the  skeleton  seems  U 
almost  always  (probably  always)  perforate,  and  the  cavitie 
contiguous  cells  are  usually  placed  in  direct  communication 
means  of  connecting  foramina  or  tubes. 

5.  The  abundant  development  of  tabula;  in  the  Monticulpor 
is  a  feature  in  which  the  organisms  rssemble  a  large  numbe 
undoubted  corals. 

fi.  Crrtnin  Mnntirviliporoids  possess  in  their  antopores  ra 
folds  or  plications  which  m;iy  b^^  comp;ired  with  the  pst'udusi 
of  IlKLi'ii'iiitA;  while  others  {Montiniliji'ira  iiiiiiimnihiUi)  pns 
radially  tiisposeil  calcareous  spines,  wliich  nre  closely  siuuhi 
the  septal  spines  of  Kivnsiriw,  uf  Svbim;  i'mra  and  of  cci' 
s'pecies  of  llEi.ioi.rrsis. 

I  In  the  other  linn<I  there  ure  the  following  considcmtions  ivl 
would  point  to  a  relation  between  tlie  Monticnli]i  iroids  nml 
Bryozoa,  or  which,  at  any  rate,  would  more  or  less  diminish 
importance  nf  some  of  the  features  iibiivc  meniioned  as  shi'i\ 
Cii'lentpratt  alHnities  of  these  organisms. 

1  The  polvKoary  of  IIetbbopoka.  (which  is  undniibteiii 
BryoKoan*)  consists  of  large  tubes  scattered  among  small  o 
though  there  doe^  not  seem  to  be  any  essential  dill'urence  in 
structure  of  these  resjiectively. 
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2.  Tabulse  are  by  no  means  confined  to  the  Coelenterates, 
precisely  similar  structures,  so  far  as  appearances  go,  being  present 
in  undoubted  Bbtozoa  {e,  g.  in  Hbtxbopoba,  Lomopoba,  Fasoiou- 

LABIA,  AlYSOLABIA,  CtC.) 

3.  Eadial  structures  in  the  form  of  rows  of  spines  are  present 
in  a  number  of  Bbtozoa  (e.  g.  Hbtbbopoba,  Discofobella,  etc.) 

4.  There  are  various  Bbtozoa,  such  as  Ehcmbofoba,  Cebiofoba, 
and  some  of  the  Fenestelloids  which  ^possess  structures  very 
similar  to  the  "  acanthopores "  of  many  Monticuliporoids. 
Structures  possessing  in  some  degree  the  same  aspect^  are  found 
in  the  recent  EETSPOBiDiE,  where  they  serve  to  carry  the 
avicularia. 

5.  Portions  of  the  skeleton  of  Fiatulipora  incrustanshBLYe  been 
shown  by  John  Young,  to  become  thickened  and  to  exhibit  a 
finely  tubular  structure,  similar  to  that  seen  in  the  skeleton  of 
Fenbstbllid^. 

6.  According  to  Lindstbom,  certain  of  the  Monticliliporoids 
pass  through  early  stages  of  development  in  which  the  skeleton 
is  a  distinctly  Bryozoan  type  ;*  as  an  example  of  this  we  may  take 
the  base  of  the  singular  Cellopora  heterosolej  the  base,  and  theref  ore^ 
the  first  formed  portion  of  which  exhibits  Bryozoan  characters, 
while  the  main  mass  of  the  skeleton  is  of  the  ordinary  Monti- 
culiporoid  type. 

7.  Lastly  certain  extinct  forms,  the  Bryozoan  nature  of  which 
seems  unquestionable,  are  hardly  distinguishable,  as  regards 
minute  structure,  from  other  forms  which  have  always  been 
regarded  as  Monticuliporoids.  Thus  an  extremely  close 
structural  resemblance  obtains  between  Ceriopora  inUrporosa  on 
the  one  hand  and  Batostomella  {Monticvlipora)  tumida  on  the 
other. 

Win  lAM  Waagen  (PalaBontologia  Indica,  Vol.  I,  Series  XIII, 
p.  854),  has  the  following  to  say  in  regard  to  the  family,  Monti- 


*Probably  LncDSTBdM  wm  mifitaken  In  his  observatloiui,  being  deceived  by  the  superlmpoAltlon  of 
different  form8,the  IncniBtatlon  of  one  form  by  another  being  of  common  occurrence.  Two  cases 
of  metamorphosis  are  treated  In  detail,  one  of  Monticulipora  (Diamtditea)  petropolitana,  which 
begins  as  a  Ceramopora,  and  during  Its  growth  several  times  reverts  to  that  form,  but  M.  (D,)petrO' 
politana,  has  unmistakably  an  Intermural  gemmation,  which  would  preclude  Its  being  a  Bryoxoan. 
The  other  case  Is  still  more  extraordinary,  that  of  Jtf.  ostiolato,  Liki>8Tr5m  says,  that  In  Its  earliest 
stage  It  Is  a  Discoporella,  then  a  Fistuupoiu,  then  a  THECoenEoms,  finally  becoming  a  MoKnctxi- 
POBA.  FisTxnjPORA  has  according  to  Waaqbm  a  coenenchymal  gemmation,  Tbkcosoitbs  a  stolonal 
gemmation  and  Monticuupora  an  Intermural  gemmation. 
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ODLiPORiD^.  "The  family  which  has  given  us  the  gn 
trouble  in  working  out  its  affinities  and  its  internal  struct 
Mijntiotjlipobid^,  not  only  because  there  had  to  be  taicei 
consideration  two  opposite  opinions  of  long  standing,  oae 
porU'd  by  Lindsthom  and  liuMiNOBB,  regarding  these  foasi 
Uriozna,  and  another,  supported  strongly  by  Nioaoi-soN,  U 
them  to  be  corals,  but  also,  because  the  family  as  circumsc 
by  NicHoi-soK  could  not  hv  retained  as  made  to  include  fori 
ALcruHABiA  as  well  as  those  belonging  to  Hhxacokalla. 

"  The  Ojst  point,  therefore,  is  to  show  the  afBnity  of  the  M 
ooLipjRiDJF.  to  the  corals,  iu opposition  to  the  view  which 
sidcra  tliomas  Bryozoa.  In  our  endewvora  to  decide  this  quea 
great  ditflculties  were  encountered  on  account  of  the  fact  thi 
decisive  characters  have  so  far  been  made  out.  by  wbioh 
stony  abodes  of  certain  corals,  and  those  of  the  Bryusoa  c 
Htomata  could  be  distinguished.  Both  consist  of  minute  c 
more  or  less  tubular,  often  with  horizontal  partitions  or  tab) 
and  even  organs  comparable  externally  to  radial  septa  are 
entirely  absent  in  some  IJryozoa;  from  all  of  which  it  app 
that  in  fossil  forms  neither  the  genoral  habitus  of  the  cola 
nor  the  Internal  character  ^f  the  single  cells  can  be  made  tu 
for  the  (listinctinn  of  the  MnvTicri  iiMum  r  aiifl  the  Bi'vozoa, 
uflei'L'aieliil  slmly  we  .li;l.vl-'.|  Lvil;iiii  .lir.liiicliv.-  i-luiincc-r 
llie  moik-  i.r  ]iri>p;it.';ili.in  wiiicli  lui'  s.j  i-.nlic;illy  dill'crciu  ;> 
Ull'c-CL  tlii- s)i:i|H-  iirul  stitK'niiv  ul'  \\\^-  .■n|iiiiir>;  tin- striii'tur 
tbu  walls  iif  llic  I'.-lls  i^^  als.>  liitlVivm  hi  liii;  AIi.n'mci  r.uvn 
imd  in  rla-  i!iT(p/(ja. 

■■Id    all    llk-sv!   cnrisi.iiTiUions  w.-  tiilisi   .'Afli.,1...  iK.w.M-er. 
gomis  lliiTiciMKniA.     In  its  sCvucUin-  it  fan  wA  In-  dotiicil 


genus  t>\ 
there  arc 
jirjbubly 


alsMsu  mai 
I.L-  Linked  fu 


lin  idHnity  t<.  Hit-  M<. 
V  disi^repanfins  tliai  iis 
in  other  (]uuricrs. 


:al  I' 


"  If  wo  turn  now  to  the  moik's  of  pj'0]iagiition  occurrinj 
diil'urent  groups  of  animals,  wb  lind  that  in  JJryiwiu  there  is  c 
one  such  mode  observable  and  that  is  gemiiiatiun.  In  the  coi 
on  the  contrary,  two  such  modes  hiive  long  since  been  m 
known — fisii}>arii\j  and  i/ei/iinatitm.    Whilst,  however,  gem 
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tion  takes  place  in  the  Bryozoa  only  in  a  single  manner,  by  pro- 
truding one  of  the  walls  of  the  mother  cells  and  then  partition- 
ing oflf  the  protruded  part,  there  are  many  different  ways  in 
which  gemmation  has  been  observed  to  occur  in  corals.  With 
regard  to  the  gemmation  of  Bryozoa  very  excellent  observations 
have  been  published  by  Barbois  (Recherches  sur  Tembryologie 
des  Bryozoaires,  Lille,  1877)  Nitschk,  Cla^pakeue,  etc.  The  mode 
of  gemmation  of  corals,  on  the  other  hand,  has  been  studied  in 
detail  by  Koch,  whose  chief  work  on  the  subject  has  been  pub- 
lished in  the  Palaeontographica.     (Ill  Series,  Vol.  V.) 

"  The  difference  between  the  animals  inhabiting  the  colonies  of 
Bryozoa  and  those  that  build  up  the  colonies  of  corals  are 
extremely  striking  in  many  respects,  and  must  find  their  expres- 
sion also  in  the  mode  in  which  the  colonies  are  built  up.  The 
animals  of  the  Bryozoa  are,  in  the  first  place,  much  less  long- 
lived  than  those  of  the  corals,  as  they  show,  for  by  far  the  largest 
part  of  their  existence,  a  so-called  latent  vitality.  Each  animal 
of  a  colony  of  Bryozoa  produces  only  one  or  two  gems%  only 
exceptionally  more,  more  or  less  simultaneously,  and  mostly 
while  it  is  yet  in  a  rather  juvenile  stage,  after  which  it  stops  its 
functions  in  this  direction.  The  animal  of  a  colony  of  corals 
never  stops  producing  gems,  but  develops  them  at  all  times  of  its 
life  and  at  different  levels.  This  difference  alone  is  the  cause  of 
a  quite  different  growth  of  the  colonies  of  the  two  classes  of 
animals.  AVhilst  m  the  Bryozoa  gems  are  produced  only  in  the 
peripheral  parts  of  the  colony,  as  for  instance  in  jttBttENioEA  or 
in  arborescent  forms  only  at  the  apex  of  the  branches, .as  in 
En TAL(;PHOKA,  in  the  corals  gems  are  produced  all  over  the  colony 
in  great  numbers  if  the  animals  are  well  fed,  etc.,  and  in  smaller 
numbers  if  the  contrary  is  the  case.  •»«•  *  ^e  -j^  * 
From  all  that  we  can  gather  in  regard  to  the  gemmation  of 
recent  Bryozoa,  it  appears  that  besides  having  the  gemmation 
restricted  to  a  very  short  period  in  a  single  animal's  life,  the 
production  of  gems  is  restricted  to  one  side  of  the  animal.  It  is 
always  on  the  side  opposite  the  aperture  of  the  cell.  This  can  be 
very  easily  made  out  in  the  Chbilobtomata,  where  the  aperture  is 
always  more  or  less  lateral;  but  also  in  the  CroLOBTOMA.TA,  where 


*  A  word  used  by  the  author  to  express  the  product  of  gemmation. 
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the  aperture  is  termmal,  the  apex  always  bemls  to  one  side,  o| 
site  to  the  side  on  which  the  gems  are  produced.  We  will 
the  gem-producing  side  the  dorsal  one.  In  creeping  colonies 
dorsal  side  is  always  turned  downwards;  in  arborescent  fom 
is  turned  inward,  toward  the  axis  of  the  at«m.  If  thus  a  crea[ 
colony  changes  into  an  arborescent  one,  the  animals  U3iist  t 
around  to  a  certain  extent  to  bring  their  dorsal  sides  int 
fitting  position,  bat  that  is  all  the  change  that  takes  place  in  s 
a  case. 

"  In  the  corals,  on  the  contrary,  gemmation  takes  place,  in 
criminately,  on  all  sides  of  the  animal,  and,  therefore,  no  lii 
descent  of  the  animals  is  observable. 

"In  the  MoNTioDLiPOBiDi:  propagation  takesplace  in  a  way  wl 
deviates  very  far  from  the  modes  described  in  the  Bryozoa. 
in  corals  two  essentially  different  modes  of  propagation 
observable  —  gemmation  and  fissiparity.  The  first  of  these  is 
more  common  one,  and,  therefore,  we  shall  consider  it  first  in 
MoNTicDLiPCiKiD.E.  If  we  tui'u  to  Prof,  Kocb's  extremely  im| 
tant  paper  on  the  propagation  of  corals,  we  find  he  does 
retain  the  old  opinion  as  to  the  essential  difference  between  t 
parity  and  gemmation,  and  from  a  biological  point  of  view  s 
an  opinion  may  not  be  entirely  justifiable,  but  from  a  pract 
point  of  view  it  appears  to  us  :is  of  great  importiince. 

"  The  four  modes  of  gemmation  are  classed  by  Kuch  in 
following  manner: 

"A.  Internal  gemmation. 

"■'a.  Tabular  gemmation  ;  tlir?  young  coralites  arc  produced 
means  of  singularly  transformed  tabulii?. 

"This  mode  of  gemmation  chiefly  occurs  in  the  Runngj 
Tktracoealla. 

"B.  External  gemmation. 

"a.  Interinural gemmation i  they oungcoralli It's iiro  |>nnhicft 
the  splitting  of  the  primary  mural  plate  (or  primurdial  wall^of 
or  more  adjoining  corallites. 

"b.  Coenenchymal  gemmation  ;  young  coralliles  ariz  [irtnU 
by  the  fusion  of  several  interstitial  tubes. 

"c.  Stolonal  gemmation  ;  young  corallites  are  ]>ruiiuced  by 
budding  of  one  of  the  stolons. 
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^^  The  last  of  these  modes  is  entirely  restricted  to  the  Alotonabia  ; 
the  second  seems  chiefly  so,  while  the  first  has  been  observed  up 
to  the  present  time  in  Favositid^  and  some  Hsxaooballa. 

^*If  we  regard  the  Mouticuliporid^  as  a  whole  as  they  have 
been  circumscribed  by  Nicholson,  we  find  in  the  forms  thus  com- 
prised under  the  name  that  two  of  the  above  distinguished  modes 
of  gemmation  are  observable,  the  intermural  and  the  coenen- 
chymal  gemmations.  According  to  the  occurrence  of  the  two 
modes  of  gemmation  two  different  groups  of  forms  can  be  dis- 
tinguished within  NioHOLson's  MoNTiouLipOBiD-fi,  of  one  of  which 
the  genus  Mo  stioulipora,  whilst  of  the  other  the  genus  Fistoli- 
PORA  may  be  considered  the  types.  We  take  the  two  groups  as 
forming  two  different  families,  for  the  one  of  which  we  retain 
the  name  Montiouuporid^,  whilst  for  the  other  we  create  the 
name  FiStdtliporid^.  The  latter  family  must,  however,  be  removed 
to  the  ALoroNARiA,  a  mode  of  proceeding  which  will  be  justified 
later  on. 

^'  In  the  MoNncuLiPORiD^,  in  this  restricted  sense,  there  remains 
only  one  method  of  propagation,  the  intermural  one,  which  is 
chiefly  characterized  by  the  circumstance  that  the  young  animal 
formed  by  gemmation  has  no  part  in  common  with  the  mother 
animal,  so  that  it  is  impossible  to  say  from  which  of  the  surround- 
ing animals  the  new  one  took  its  origin.  It  looks  as  if  the  new 
animal  were  only  filling  up  a  void  space  between  several  old 
animals.     *    *    ^ 

"  This  gemmation  is  certainly  very  far  different  from  the  mode 
of  gemmation  of  Bryozoa  as  described  above.  The  most  radical 
difference  always  consists  in  the  circumstance  that  in  the  Bryozoa 
the  fully  developed  animals  do  not  produce  gems,  but  only  the 
quite  young  ones,  which  are  themselves  still  more  or  less  in  the 
state  of  buds.  After  this  the  next  important  difference  is,  that 
in  Bryozoa  the  mother  animal  can  always  be  made  out,  which  is 
not  the  case  in  Monti  julipora. 

''On  the  other  hand  the  gemmation  of  MoNriouLiPORA  is  abso- 
lutely identical  with  that  occurring  in  the  Favositid^. 

''  K  thus  the  mode  of  increase  of  the  colonies  of  the  Monticuli- 
PORA  seems  not  to  be  in  favor  of  the  supposition  of  these  organ- 


B74 


Bepokt  of  TriE  State  Geologist. 


I 


iems  being  Bryozoo,  there  are  yet  other  points  which  also  oppose 
such  a  Hupposition.  One  of  these  is  the  structure  of  the  walls  in 
the  MoKTirDLiPORir-K  and  in  the  Bryozoa,  There  are  many  forms 
of  Bryozoa  which  deposit  carbonate  of  lime  in  the  ectocyst  of 
their  body  more  or  k-ss  abundantly.  This  deposit  takes  plaro  in 
the  median  layer  of  the  ectocyat  only,  whilst  the  onter  and  inner 
layers  rpmain  of  a  horny  nature,  which  probably  is  the  cause  that 
in  thin  aeclions  the  calcareous  wjills  of  single  individuals  apj^ear 
separated  from  eat^h  other  by  darit  linos.  If  we  now  consider 
more  in  detail  the  structure  of  the  calcareous  substance  of  which 
the  walls  of  the  cells  are  built,  we  find  that  it  is  composed  of  very 
thin  6bers  placed  verticnlly  to  the  surface  of  the  wall,  so  that  in 
Bfictions  enttipg;  the  Bingle  cells  transversely,  a  concentric  arrange- 
ment of  the  filwrs  can  never  bo  observe<I.  These  fibers  leave 
interstices  between  them  at  intervals,  producing  numerous  capil- 
lary tubes,  by  which  the  walla  of  the  Bryozoa  seem  always  to  be 
pierced  in  preat  numbers,  if  otherwise  sufficiently  well  preserved. 
Every  work  on  recent  or  fossil  Bryozoa  shows  this. 
"Of  all  this  there  is  not  a  trace  in  the  Mowticuli 


"  The  animals  of  a  colony  of  corals  undergo  constantly  a  certain 
^roc«86  of  renovation.    The  animal  deposits  large  masses  of 

scli-rencliynui  li.'liin.l  ils.Or  ;ind  tlius  slowly  sismi-U  within  llio 
tube.  snu)clinii-s  .■liaiiili.TiTii,''  olT  tiii>  d.-ad  and  iw.'lc«>  pnrt>;  of  ih,. 
coralliim  Kv  .li;;|.|ir.-.L'(n..  nr  talmla-  :  t!  c  :Miitn;ils  :in-  all  M^lf-fivd- 
injr.  p.'rr<>niiii)-  all  t'l.'ir  viial    fiiiu-liniw  iLirin-  1  la^ir  wiiul..  litV- 


tini 


th.' 


rii.: 


Structiin.  «\  \h.-  wall  i^  in  a,  miilanr.'  wiili  rlh.>r  |u.<iiiiaHt  i.>s, 
the  revers.H|[y  o-nii'al  layirs  •■(  .rliTriuliyaia  \.y  wiiirl^  tlu-  wall 
of  the  !M<  MUD  Till  ii'.r  is  hiiill  Dp  ii!(ti(ali-  llif  aic.-Tiiiin;:  movt'- 
ment  of  the  animal  \viti)in  iis  tiili<'. 

"The  drnimslanco  that  the  j;icalcj-  pait  of  ilic  aninialsi  of  the 
colony  of  liryo/a  is  in  a  state  of  latent  life,  tlio  faiirtioiis  of 
talfinff  and  <li;;('S(irg  Si»»\  lii'in<r  perfornird  iiy  only  a  few  indi- 
viduals at  the  top  of  the  liraticlies  in  nrliorescent  forms,  brings 
with  it  the  oibor  peculiarity,  that  all  the  animals  of  a  colony  are 
in  intimate  connection  and  ccunnuinication  with  each  other;  this 
communication  seems  to  be  brouf^lit  about  jiartly  by  the  capillary 
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tubes  mentioned  above;  for  the  most  part,  however,  it  is  affected 
by  large  openings  in  the  walls  of  the  lodges,  by  which  a  free 
communication  of  all  the  animals  of  a  colony  is  established.  If 
the  MoNTicuLiPoaiD^E  were  Bryozoa  such  openings  must  exist,  and 
they  must  have  been  observed  in  some  case  or  other,  but  nothing 
of  the  kind  has  ever  been  detected. 

"From  all  this  it  appears  that  the  M«»NTicuLipoRiDiE  are  not 
Bryozoa,  and  as  they  show  the  greatest  affinity  to  Favi  sitid^,  it 
is  very  probable  that  they  must  be  considered  as  corals  and 
placed  among  the  Hexaoorblla." 

Family  Monticuliporidae,  Nicholson,  emend. 

Zoaria  massive,  discoidal,  lamellar  or  ramose.     Cells  polygonal 
in  contact  their  entire  length,  increasing  by  intermural  gemma- 
tion or  by  lissiparity.     Cells  tabulated  and  invariably  with  "cysti 
phragras  "  near  the  surface.     The  following  genera  are  included 
in  this  family:     IIomotrypa  and  MoNiicuLiroRA. 

HoMOTRYPA,  Ulrich. 

(Jour.  Cin.  Soc.  Nat.  Hist.,  Vol.  V,  p.  240.     1882). 

Type,  nomoirypa  curvata^  Ulrich. 

Zoarium  ramose  to  subf rondescent ;  cells  tubular  polygonal, 
arising  from  an  imaginary  axis  at  the  center  of  the  frond, 
gradualh'  diverging  till  near  the  surface,  where  they  turn  abruptly 
outward.  The. tube  walls  are  very  thin  till  they  reach  the  peri- 
pheral region,  where  they  become  thickened.  The  thin  walled 
portion  of  the  cells  have  straight  diaphragms,  usually  infrequent. 
In  the  peripheral  portion  of  the  zoarium  the  cells  are  provided 
with  a  series  of  cystoid  diaphragms  or  cystiphragms,  the  space 
between  their  flexuous  inner  wall  and  the  opposite  wall  of  the 
cell  being  crossed  by  an  equal  number  of  straight  diaphragms  ; 
mesopores  wanting,  but  the  numerous  gemmae  or  young  cells  have 
sometimes  the  appearance  of  mesopores ;  surface  usually  with 
macula?  or  monticules,  the  centers  of  which  are  occupied  by  very 
small  cells,  while  the  cells  immediately  adjacent  to  them  are 
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larger  than  od  other  portions  of  the  frond.    Internally  the  i 
celts  of  the  maculBB  or  monticules  are  without  cyatiphrag' 
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MoNTiouLiPOBA,  D'Orbigny. 

(Prod.  2,  p.  279.     1847.) 
Type,  MonticuUpora  mamiUoaa^  D'Orbigny. 

(PJate  17.  figs.  1-8.) 

Zoarium  massive,  lobate,  laminar,  incrusting  and  sometimes 
irregularly  frondescent.  Cells  tubular,  polygonal,  arising  from 
an  imaginary  axis  at  the  center  of  the  frond,  gradually  diverg- 
ing until  near  the  surface  when  they  more  abruptly  turn  outward, 
at  the  same  time  becoming  slightly  thickened.  Immediately 
above  the  point  of  gemmation  the  young  cell  or  tube  is  crossed 
by  numerous  straight  diaphragms,  giving  to  it  the  appearance  of 
a  mesopore,  subsequently  the  tabulsB  become  less  crowded  and 
the  tube  assumes  the  character  of  an  ordinary  cell.  In  addition 
to  the  diaphragm  numerous  cystiphragms  are  developed  in  the 
greater  number  of  cells ;  surface  with  numerous  conical  monti- 
cules closely  and  subregularly  disposed  in  intersecting  rows. 

This  genus  is  distinguished  from  Homotrypa  by  the  much 
greater  number  of  diaphragms  and  cystiphragms  in  the  thin 
wailed  portion  of  the  cell  tubes,  and  the  absence  of  the  thicken- 
ing of  the  cell  walls  in  the  peripheral  region  of  the  frond  that  is 
characteristic  of  Homoibypa. 

Family  Amplexoporids,  Ulrich,  emend. 

This  family  includes  the  forms  which  have  a  general  resem- 
blance to  the  Monticuliporidae,  and  essentially  the  same  mode  of 
growth,  but  the  cell  tubes  are  without  cystiphragms.  The  fol- 
lowing genera  are  included  in  the  family:  Amplbxopora,  Dakatia, 

MoNOTJRYPA,  MOSOTEYFELLA,  LEPfOTBYPA,  PjlTALOTBYPA   and  StEK- 
OPOKA. 

Amplexopoba,  Ulrich. 
(Jour.  Cin.  Soc.  Nat.  Hist.,  Vol.  V,  p.  154.     1882.) 
Type,  Amplexopora  cingulata^  Ulrich. 

(Plate  17,  figs.  6,  7.) 

Zoarium  ramose  or  massive  ;  cells  polygonal,  forming  prismatic 
tubes,  which  arise  from  an  imaginary  axis  at  the  center  of  the 
frond,  gradually  diverging  till  within  a  short  distance  of  the 
surface,  when  they  turn  more  abruptly  outward.    In  the  axial 
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region  the  cell  walls  are  very  thin,  and  the  diaphragms  are  coc 
paratively  distant.  In  the  peripheral  region  the  walls  are  muc 
thickened  and  the  diaphragms  are  much  more  numerous  ;  surfac 

with  slightly  elevated  monticules,  having  oell  apertures  a  litU 
larger  than  those  on  otiier  portions  of  the  frond. 

DKKftTf&,  Edwards  and  Elaime.  ^H 

(Jlon.  de  Pol.  Foss.  de  Terr.  Pal ,  p.  127.      1351.)      1 

Typo,  Dekayia  aspera,  Edwards  and  Haimo. 

Zoariam  ramose,  brancbos  cylindrical  or  flattened ;  eel! 
tubular,  polygonal,  arising  from  an  imaginary  axis  at  the  centE 
of  the  branch,  gradually  diverging  until  near  the  surface,  wbe 
they  abruptly  turn  outward.  In  the  axial  region  the  walls  ar 
very  thin,  and  tbe  diaphragms  are  very  infrequent  or  entire!, 
wanting.  In  the  peripheral  region  the  cell  walla  are  muol 
thiokoned  and  the  diaphragms  are  of  moderatuly  fr6f]uent  occar 
ronoe,  th«  walls  bucoming  moniliform.  The  cell  apertures  ar 
polygonal  and  havo  numerous  spines  (acanlhopores)  at  the  anglei 
surface  with  numerous  mocuias,  the  cell  apertures  of  whiol 
larger  than  those  on  other  portions  of  the  frond. 


1/ 


j^l^^ 


llhTKKnrHY.'A.     Xidlnlsnn. 

(I'jij.  Tab.  C.mils,  p.  '2'Jl.     ISTli.) 
Type,  lldef'trupa  m'lu.mnlaUu  Nicholson, 
Zoarium  consisting  of    large  lobite  or   fromlescont  expansions 
cells  tubular,  polygonal,  arising  from   an   im;iginary  axis,  ■rradu 
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ally  divergiDg  for  about  two-thirds  of  their  length,  then  abru] 
turning  outward,  the  walls,  previously  very  thin,  becoming  m 
thickened.  In  the  axial  portion  of  the  cells  the  diaphragms 
very  infrequent  or  entirely  wanting.  In  the  peripheral  porl 
they  are  closely  disposed ;  surface  with  numerous  montici 
subregularly  disposed  in  intersecting  rows,  occupied  by 
apertures  larger  than  those  on  other  portions  of  the  frond. 

Numerous  species  have  been  placed  in  this  genus,  but  with 
exception  they  are  not  cogeneric  with  the  type  species, 
mesopores  spoken  of  by  various  authors  are  not  mesopores, 
young  cells,  there  being  no  mesopores  in  the  type  speoies. 


1883.)« 


Leppotkypa,  Ulrich, 

(Jour.  Cin.  Soc.  Nat.  Hist.,  Vol,  VI,  p.  158. 

Type,  Leptoirypa  minima,  Ulrich. 

"Zoarium  varying  from  thin  incrustations  to  free  forms 

discoidal,  spiral  or  elongate-spiral  shape ;  irregular  massive  sp 

mens  also  occur ;  cells  polygonal,  with  thin  walls  and  a  varis 

number  of  delicate  diaphragms ;  cell  walls  appreciably  tbioke: 

'  in  the  peripheral  region;  spines  or  acantbopores  small,  mon 

less  numerous,  but   usually  restfict(?il   to   ibr   angles  of  junct 

between  the  cell  tubes." 
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MuMoiBYPA,  Nicholson. 
(Pal.  Tab.  OoraU,  p.  320.     1879.) 
Type,  Monotrypa  undulata,  Nicholson. 

Zoarium  irregularly  massive,  discoidal,  sabglobose  or  hemi- 
spheric. Cell  tubes  polygonal,  prismatic,  and  very  thin  through- 
out their  entire  length,  and  often  undulating  or  wrinkled 
transversely ;  diaphragms  remote  or  entirely  wanting,  except 
near  the  surface. 


W 


niiroiM.  natural  tii 


M0NOTBTPEU.A,  Ulrich. 
(Jour.  Cin.  Soo.  Nat.  Hist.,  Vol.  V,  p.  173.    1883.) 
Type,  MotiotrypeUa  cequalis,  Ulrich, 

Zoarium  ramose,  branches  cylindrical  or  flattened ;  cells 
tubular,  polygonal,  arising  from  the  center  of  the  branch,  and 
more  or  less  regularly  curving  to  the  surface.    For  the  greater 


Report  of  the  State  Geologist. 


portioa  of  the  length  of  the  cell  tubes,  their  walls  are  verj^  thin, 
and  diaphragms  remote  or  entirely  wanting.  Near  the  Burfac* 
the  walls  beoome  thickened  and  the  diaphragms  ara  niunerons: 
surface  with  frequent  raaculse  of  cell  apertures  larger  than  those 
on  other  portions  of  the  frond. 


PeTALOTRYPA,  UlHcL. 

(Geol.  8ur.  IlL,  Vol.  VUI,  p.  377.    1880.) 
Type,  Petalolrjfpa  oomprMM,  Ulrioh. 

Zonrium  liifolintp.  consisting  of  irrei^iilar  comyiressed  branches 
orsimpk;fn.Tiils;  cvliiilikTous on  i.otl)  m.!,.s  :  .ull  llllH'^s  p^i^^lnati(^ 

TliU,i:vnii>;inu,v  Ik- ilisrin-iiislu.l  fro]n  ll.,- uIIi^t  ionns'of   ihjs 
r;imiiy  In-  iu   hiloli;ai;  iihhIc  nf  -mwlli.  ;nid    i1j.'  i'iv-.^ikx-    uf   a 
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Ptyohonema,  EaII. 
(Pal.  N.  Y.,  Yd.  VI,  p.  U,  PI.  IX,  figs.  12-17.) 

(Plate  17,  fig.  9.) 

Type,  Ptychonenia  tdbulatum,  Hall. 

Zoarium  forming  spheroidal  or  hemispheric  masses  or  ramose ; 
cells  polygonal ;  walls  very  thin,  strongly  and  regularly  corru- 
gated, not  wrinkled ;  the  corrugations  forming  nodes  at  the 
angles ;  diaphragms  entirely  wanting  in  the  typipal  species. 

This  genus  may  be  distinguished  by  the  strong  and  regular 
corrugations  of  the  cell  walls,  a  feature  which  must  not  be  con- 
founded with  the  transverse  wrinkling  of  the  cell  walls  of  some 
other  forms. 

Both  MoNOTBYPA  and  Ptyohonema  are  undoubtedly  coelenterate 
corals. 

SrENTOPOBA,  Lonsdale. 
(Appendix  to  Darwin's  Volcanic  Islands,  p.  161.     1844.) 

Type,  Stenopora  ovata^  Lonsdale. 

I  have  not  seen  a  specimen  of  this  genus,  but  Waagen's 
diagnosis  is  as  follows : 

'*  Zoarium  incrusting,  arborescent ;  foliaceous  or  hemispherical ; 
fixed  by  its  base  to  foreign  bodies ;  composed  of  tubular  cells, 
which  are  nearly  vertical  at  the  center  of  the  zoarium,  and 
radiate  thence  on  all  sides  toward  the  surface.  The  cells  are 
poly  <^^onal  in  the  center  of  the  zoarium,  with  thin  walls,  and  very 
closely  packed  together ;  in  their  radiating  peripheral  part  they 
become  cylindrical,  and  their  walls  show  regular  transverse  annu- 
lar thickenings,  which  occur  in  the  same  manner  and  at  equal 
distances  in  a  great  number  of  adjoining  tubes.  These  thickenings 
alternate  on  the  inside  of  the  cells  with  periodical  contractions 
of  the  walls ;  a  vertical  section  of  the  walls  being  monilif orm. 
There  are  other  thickenings  which  extend  longitudinally  in  the 
walls  as  in  the  MoNTiooLipoEiDiE.  They  are  the  thickenings  which 
precede  gemmation,  and  project  on  the  surface  of  the  fronds  as 
little  spines  between  the  single  cell  apertures.  The  cell  apertures 
are  partly  quite  open,  partly  quite  closed  by  a  kind  of  hemispheric 
lid.    They  are  of  unequal  size.    Tabulae  are  present  at  very 
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irregular  distanceB.      Moral  pores  and  distinct  well-developed 
septa  are  atisent." 


Family  Prasoporida:. 

Thia  family  includes  the  forms  having  cells  with  diaphragifliB 
and  cystiphragms,  as  in  the  Monticulipobidj':,  but  in  addition 
there  are  meaopores,  that  feature  separating  the  family  from 
MosTicDLiroBiD;!^.  It  includes  the  following  genera:  Aspidopoba, 
Ataotcpohbu:.*,  EComotbtpbli.*  and  Pbasopoba. 

AseiuoPdB*,   Ulrirli, 
(Jour.  Cin.  Soc.  Nat.  Hist.,  Vol.  V,  p.  lof).     15S>.) 
Type,  Aipiili'poi-a  areolaiii,  Ulrich, 

Zoarium  consisting  of  thin  himellar  e.xpansions,  or  of  more 
massive  expansions  formed   by  the  supt'riiuiiosition  of  suceessivo 


Oeneba  of  the  Nobth  Aubbioan  PAI.AEOZOIO  Bbyozoa.     fi85 

layers  of  growth ;  rarely  parasitic,  generally  free  with  a  radiately 
and  concentrically  striated  epitheca  on  the  lower  side  ;  typically 
composed  according  to  age  of  from  one  to  many  subequal  parts, 
each  part  gently  convex,  with  the  cell  apertures  inoreEtsiog  in  size 
from  their  margins  to  their  centers ;  cell  tubes  with  very  infre- 
quent diaphra^;mB  and  more  numerous  cystiphragms ;  mesopores 
numerous,  closely  tabulate  ;  surface  with  spiniform  nodes. 

ATAoroPOBELLi,  Ulrlch. 
(Jour.  Cin.  Soc.  Nat.  Hist.,  Vol.  VI,  p.  247.    1883.) 
Type,  AtactoporeUa  iypioaUt,  Ulrich. 

Zoarium  generally  forming  thin  crusts  over  foreign  bodies, 
rarely  lobate  or  subramose ;  surface  with  monticules  and  very 
closely  resembling  some  forms  of  Cebahopobslla. 


Cells  with  very  thin  inflected  waUs;  apertures  oval,  but  the 
numerous  nodes  at  their  margins  give  to  them  an  irregular 
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petaloid  appearance;  cells  ivith  cystiphragme  and  occasiooal  dia- 
phragms ;  nodes  very  numerous,  encroacbiDg  more  or  lees  on  the 
cell  cavity. 

HoMOTBTPKLLA,  Ulricb, 
(14th  Rept.  Geol.  Sur.  Minn.,  p.  63.    18SC.) 

Type,  Hovwtrypella  instabilis,  Ulrich. 

Zoarium  somewhat  irregularly  ramose,  sometimes  palmate  or 
frondeacent;  surface  with  maculae,  consisting  of  clusters  of  meso- 
pores;  celt  apertures  subcircular ;  mesopores  abundant  frequently 
isolating  the  cell  tubes,  closely  tabulate;  cell  tubes  with  dia- 
phragms and  cystiphragms,  the  latter  being  chiefly  developed  in 
the  median  portion  of  the  cell  tubes;  usually  absent  just  below 
the  surface  and  never  occurring  in  the  axial  region ;  surface  with 
numerous  small  nodes  or  granules. 


I 


Pkabopoea,  Kieholson  and  Etheridge. 
(Ann.  and  Mag,  Nat.  Hist.,  4th  Series,  Vol.  XX,  p.  3S.     ISTT.") 

Type,  Prasopora  (jrar<i\  Xicholson  and  Etheridge. 

Zoarium  forminf^  conical,  hemispherical  or  irregular  masses, 
the  under  side  of  the  conical  forms  usually  being  concave  and 
covered  with  a  concentrically  wrinkled  opitheca:  cells  tubular, 
prismatic,  becoming  cylindrical  as  they  approach  the  surface: 
walls  thin,  with  both  diaphragms  and  cystiphragms ;  mesopores 
few  or  numerous,  sometimes  completely  isolating  the  cell  tubes. 
In  some  species  there  are  numerous  spiniform  nodes:  surface 
with  frequent  maculie  of  large  cell  apertures,  or  with  monticules, 
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the  centers  of  wliich  are  destitute  of  cell  apertures,  and  occupied 
by  mesopore  apertures. 


DiANULiTxs,  Eicbwald. 
(Zool.  special.    Vol.  I,  p.  180.    Djbowsky,  Chtetetes  d.  ost-balt. 

Siluriform.,  p.  14.    1877.     Syn.  Diplotrypa,  Nicholson.    Pal. 

Tab.  Cor.,  p.  312.    1879.) 

Type,  Dianulites petropoUtana,  Eichwald. 

I  have  been  unable  to  obtain  an  authentic  specimen  of  the  type 
species,  but  judging  from  the  published  descriptions,  its  affinities 
are  with  the  forms  included  in  the  family  Amplkzofobida. 

Most  of  the  forms  described  under  the  name  Diplotbtpa  are 
not  congeneric  with  the  type  species. 

Family  Calloporidx,  Ulrich,  emend. 

The  forms  included  in  this  family  are  usually  ramose,  cells 
tubular,  cylindrical,  tabulate ;  mesopores  more  or  less  abundant, 
closely  tabulate ;  interapertural  space  with  pits  (mesopore  aper- 
tures). 


688  Eefobt  of  the  State  Geologist. 

The  following  genera  are  included  ia  this  family  :  Batoat) 
Caixopjba,  D«katklla,  NioHJLBJNELLi  and  Trshatopora. 

Batostoma,  TJlrich, 
(Jour.  Cin.  Soc.  Nat.  Hist.,  Vol.  V,  p.  154.     1882.) 

Type,  liatoatcma  implicatum,  Ulrich, 

Zoarium  ramose  ;  cells  tubular,  arisinjf  from  tlie  center  of  the 
branch  and  curving  outward  ;  cell  walls  in  the  axial  region  very 
thin,  becoming  thicker  in  the  peripheral  region;  cell  apertures 
circular;  peristomes  equally  elevated;  interapertural  surface 
with  numerous  pits  (mesopore  apertures),  occasionally  there  aie 
ornamental  nodes  or  spines  on  the  surface. 

This  geaus  in  all  probability  is  synonymouB  with  Caujofoma. 


Callopora,  Hall. 
(Pal.  N.  Y.,  Yol.  II,  p.  144.     1852.) 
Type,  CaUopora  elegantula,  Hall. 

(Plate  18,  figs.  1-7.) 
Zoarium  ramose,  smooth  or  tuberculated ;  cells  cylindrical,  aris- 
ing from  an  imaginary  axis,  gradually  curving  to  the  surface: 
diaphragms  few  or  numerous;  intercellular  space  occupied  bv 
tabulate  mesopores;  tabula  very  closely  disposed,  much  more  so 
than  in  the  cell  tubes;  apertures  circular;  when  perfect,  closed  by 
an  operculum  ;  closely  and  irregularly  disposed,  frequently  nearly 
or  quite  in  contact;    interapertural  space  occupied  by  angular 
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pits  (mesopore  apertures).  .  The  principal  difference  between  this 
genas  and  Tbeuatopoba  is  the  presence  of  interapertund  pits. 

Dbeatxlla,  Ulrich. 
(Jour.  Cin.  Soc.  Nat.  Hist.,  Vol.  V,  p.  155.     1882.) 
Type,  DekayeUa  obaewa,  Ulrich. 

Zoarium  ramose,  cells  tubular,  polygonal,  arising  from  the 
center  of  the  branch  and  curving  outward  ;  diaphra^^s  distant ; 
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walls  of  cells  in  axial  regioa  very  thin,  becoming  much  thickened 
and  sometimes  slightly  momliform  in  the  peripheral  region. 

This  genus  has  been  placed  in  tliis  family  because  the  aathor 
of  the  genus  says  that  mesopores  occur,  but  in  a  large  number  of 
sections  of  the  type  species  that  I  have  examined,  the  "  ines'> 
pores"  have  much  more  the  appearance  of  young  cells.  The 
genus  should  probably  be  placed  in  the  family  AMFLEXoPoarD-i;- 

NioBOLSOMBLLA,  ITlrlch.  ^ 

(Geol.  Sur.  IU.,yol.  VIII,  p.  374.)  ^M 

Type,  Kichohonella  ponderosa,  Ulrich.  ^J 

Zoaria  consisting  of  irregular,  intertwining  flattened  branches 

or  fronds.    Cells  tubular  with  a  few  diaphragms  in  the  peripheral 


region;  apertures  circular,  with  a  faint  granular  peristome: 
intercellular  space  occupied  by  numerous  angular  mesopores  or 
tubuli,  that  more  or  less  completely  isolate  the  cell  tubes:  walls 
of  both  the  cell  tubes  and  mesopores  thin  ;  mesopores  with  thick 
and  numerous  tabuhe  or  diaphragms. 
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Tbihatopora,  Hall. 
(Pal.  N.  Y.,  Vol.  II,  p.  149.    1853.) 
Type,  Trematopora  iuherculoaa,  Hall. 

(Plate  1»,  figa.  l-S.) 
Zoarium  ramose,  branches  solid ;  surface  wi\h  or  without 
monticuleB ;  cells  cylindrical,  walla  thin ;  apertures  circular  or 
oval,  irregularly  disposed ;  peristomes  equally  elevated  ;  meso- 
pores  with  ntunerons  tabuls;  iaterapertaral  space  solid.  Fre- 
quently spinules  occur  between  the  cell  apertures  or  on  the 
peristomes. 

This  genus  in  its  manner  of  growth  is  very  similar  to  Callo- 
FOBA,  but  difFers  from  that  genus  in  haTing  a  solid  surface  be- 
tween the  cell  apertures.  The  solid  surface  is  a  persistent  feature 
in  all  the  species  of  this  genus. 

Idiovktpa,  TJlrich. 
(Jour.  Cin.  Soc.  Nat.  Hist,  Vol  YI,  p.  373.    1883.) 

Type,  Idiotrypa  parasitica,  TJlrich. 

Original  diagnosis.  Zoaria  parasitically  adhering  to  foreign 
objects ;  cells  of  two  kinds,  the  true  zocecla  being  subcircular, 
with  a  slightly  elevated  thin  peristome,  and  more  or  less  com- 
pletely separated  from  each  other  by  a  series  of  large  angular 
interstitial  cells.  The  two  gets  of  cells  are  not  distinguishable 
from  each  other  in  vertical  sections,  both  being  crossed  by  thick 
horizontal  diaphragms  occurring  at  short  and  regular  intervals 
so  as  to  divide  the  zoarium  into  so  many  equal  layers. 
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Hkmiphbagma,  Ulrich. 
(Report  of  the  Geological  and  Nat.  Hist.   Survey.     Minn.,  p. 
299.     1893.) 
"  Zoaria  like  Batobtoma  sare  in  this,  that  the  diaphragms  in  the 
peripheral  part  of  the  notcoial  tubes  arc  incomplete."     Ulrich. 


i 


I 


Family  Botrylloporidce,  Milltr, 

lioTHTiLoi'iiKA.  Kicholson. 

(Geol.  May.  N.  S.,  Vol.  I,  p.  l*5(i.     1^74.) 

Type,  JJo/r>/U"jioru  nocifih'^,  Nicholson. 

(Plate  20.  life's.  16,  IT.) 

Zoariiim  consisting  of  small  discoidal  bodies,  oocnrrin;:  siiio;l\- 

or  in  groups,  connected  by  vesicular  tissue  ;  adlici'ent  !<■  foreijrn 
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bodies  by  their  under  surface,  which  cooBists  of  a  oonceiitricajly 
wrinkled  epitheca.  Nearly  all  the  speoimens  observed  are  para- 
sitic OQ  Cyathophylloid  or  Favositoid  corals,  sometimefi  occurring 
in  groups  of  from  seventy-five  to  a  hundred  zbaria. 

Zoarium  convex  with  a  depressed  central  area,  which  is  some- 
what variable  in  size. 

Cells  tubular,  rectangular  to  the  surface,  disposed  in  double 
radiating  rows,  extending  above  the  surface  and  forming  promi- 
nent ridges ;  adjacent  ridges  generally  separated  by  a  space 
about  equal  to  the  width  of  a  ridge,  but  sometimes  more  closely 
disposed.  Alternate  ridges  extend  from  the  depressed  central 
space  to  the  margin,  the  others  commencing  at  about  one-half 
the  distance  to  the  margin ;  cell  apertures  circular,  in.  contact, 
often  inosculating,  having  tbe  appearance  of  being  immersed  ; 
intercellular  space  vesiculoae;  vesicles  comjKiratively  large  and 
irregularly  disposed.  The  ooncave  central  space,  that  between 
the  ridges  and  between  the  zoaria  is  vesicular,  the  vesicles 
between  the  ridges  being  much  smaller  than  those  occupying  the 
central  space.  Between  the  zoaria  some  of  the  vesicles  are  of 
the  same  size  as  those  between  the  ridges,  others  are  much  larger, 
circular  or  polygonal  from  mutual  pressure. 

80SNELLOPOBA,  TJlrich. 
(Jour.  Cin.  Soc.  Nat.  Hist.,  p.  150.    1882.) 
Type,  Scendlopora  radiata,  TJlrich. 

Zoarium  obconical  the  under  side  with  an  epitheca ;  the  upper 
slightly  concave  and  celluliferous ;  cell  apertures  occupying  the 
center  of  ridges  which  radiate  from  a  subsolid  and  depressed 
center  ;  intermediate  space  smooth,  without  cells. 
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Spbraqiopoba,  Ulrioh. 

(Geol.  Siir.  111.,  Vol.  VIII,  p.  398.    1890.) 

Type,  SpAragiopora  j>arasitica,  TJlrich. 

Zoarium  a  small  discoJdal  body  attached  to  other   objecta; 

upper  surface  flat  or  a  little  concave;  cell  apertures  disposed  in 

an  irregularly  radial  manner  from  the  center,  on  the  summits  of 

from  six  to  nine  more  or  less  elevated  ridges ;  at  first  they  form 

only  single  rows,  but  at  the  outer  margin  the  arrangement  is 

bieerial. 


Family  Tubuliporidse,  Eusk. 
The  forms  inchided   in  this  family  are  composed  of  simple 
cylindrical  tubes,  with   ioo])erciilated  aperture.      The  following 
genera  are  inchuled   in   the  family:    Bekenicea,  Uiastoporina, 
Hkbkodia,  Pkoiiobci.va,  Saoeneli-a  and  Stomatofora, 


BERENicEi,  Lamoureux. 
(Exp.  Metli.  des  genres  d.  pol.,  SO.     18*21.) 
Type,  Berenicea  tl'duviana,  Lamoureaux. 

'■Incrusting,  composed  of  a  very  thin  foliaceous  base,  from 
which  proceed,  gradually  enlarging,  distantly  separated  tubular 
cells  ;  apertures  circular  or  oval,  situated  near  the  broad  anterior 
end ;  cells  disposed  in  an  obscurely  radiate  arrangement."     Bkbe- 
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NiOBA  is  a  recent  genus  and  I  very  much  doubt  if  any  PalsBozoic 
forms  are  properly  placed  here. 


■peelmciu.  natnnl  ■!». 


DlASTOPOBUTA,  Ulrioh. 

(Jour.  Cin.  Soc.  Nat.  Hist.,  Vol.  XII,  p.  1T7.    1890.) 

Type,  Diastoporvna  Jlahdlata,  Ulrich. 

"  Zoarium  bifoliate,  in  general  resembliDg  Dujtoposa  ;  cells 
subtubular,  prostrate,  immersed;  apertures  constricted,  subcir 
cular,  not  prominent;  interspaces  finely  punctate  and  striate 
longitndinally." 

Probably  a  synonym  of  DiASToroaA. 


renlargMnent  or  tbe  id 
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Hebnodia,  Hall. 
(Rep.  State  Geologist.  N.  Y.,  p.  68.     1S84.) 
vp6y  Uernodia  humifusa,  Hall. 

(Plate  85.  figs.  1,3.) 
Zoarium  parasitic,  procumbent,  consisting  of  tubular,  aDoolatfid  | 
cells,  enlarging  to  near  the  aperture ;  increasing  by  lateral  gem- 
mation, the  buds  continuing  growth  in  the  same  manner  as  the 
parent  tube  so  that  comparatively  large  surfaces  are  cften  covered. 

FfcoBosonu,  Audouin. 
(Desc.  de  I'Egypte;  Pol,  p.  236.     1826.) 
Zoarium  adnate,  branching  dichotomously  or  inosculating,  in  ] 
the  latter  case  forming  an  irregular  large  meshed  net-work. 


Cell  tubes  as  in  oToMAToroRA,  escciiuni;  tmii  they  are  more  m 
less  immersed  and  not  iiniserial,  l>eing  arranged  in  two  or  mon 
contiguous  rows. 
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BkQsssuji,  HalL 
(Pal.  N.  Y.,  Yol.  II,  p.  172.    1852.) 
Type,  SageneUa  memhranacea,  Ilall. 

(Plat«20,  flR.  4.) 
Zoarium  a  thin  membraniform  ezpansioD,  growing  upon  the 
surface  of  other  organic  bodies     cells  subcylindrical,  flattened 
for  the  greater  part  of  their  length,  and    continuing  nearly 
parallel  with  the  plane  of  the  epitheca;  arranged  in  a  more  or 
less  regular  diverging  or  radiating  order,  with  intercalated  ranges 
presenting  a  subimbricated  appearance,  turning  abruptly  and 
opening  directly  outward ,  cell  apertures  circular. 
SrtnuTOFOBA,  Bronn. 
(System  d.  Urwelt;  Pflanzenthiere.     1836.) 
Type,  Stomatopora  dichotoma,  Bronn. 
Zoarium  adnate,  cells  subtabular,  club  shaped  or  ovate,  not 


immersed;  arranged  in  a  single  branching  series;  apertures  sub- 1 
terminal,    circular,    more   or    less    elevated,    opening    directly 
ontward. 

The  sbape  of  the  cells  and  mode  of  increase  is  the  same  as  in 
Peobosoisa,  differing  from  that  genus  only  in  having  the  cells 
arranged  in  a  single  series,  in  Prob'iboina  the  cells  being  arrajiged 
in  two  or  more  series  and  more  or  less  immersed. 

■  Family  Entalophorid3e,  Reuss. 

Clonopoka,  Hall, 
(Bryozoansof  the  Upper  Helderberg  group,  p.  20.     1S81.) 

Type,  Clonopora  8timi/reduj)ta,  Hall. 

(PUte25.  flgs.  6,7.) 

Zoarium  ramose ;  branches  consisting  of  an  aggregation  of 
elongate,  cylindrical,  tubular  cells,  which  at  more  or  less  regular 
intervals  become  entirely  free,  and  turn  abruptly  outward  in  an 
ambelliform  expansion  or  in  alternation ;  cell  apertures  expanded.  , 

^^^^p  Ctstc^oba,  Hall. 

(Trans.  Albany  Inst.,  Vol.  X,  p.  Ifil.     1881.) 
Type,  Cystopora  genicidata,  Hall. 

(Plate  25.  figs.  3-5,) 
Zoarium  consisting  of  an  aggregation  of  ampullate,  tubular 
cells;  the  greatest  diameter  of  the  cell  tube  being  at  about  two- 
thirds  of  its  length  ;  near  the  anterior  end  turning  abruptly  out- 
ward and  much  constricted  at  the  aperture  ;  cell  tubes  exposed 
for  more  than  half  their  length,  alternating,  imbricating, 
arranged  in  spiral  rows  around  the  branch. 

MiTocLKMA,  Ulrich. 
(Jour.  Cin.  Soc.  Xat.  Ilist.,  Vol.  \'.  p.  150.     lSS-\) 
Ty]>e,  2[itodema  cinctc'um,  Ulrich. 

Zoarium  ramose,  slender;  transverse  section  subcircuhir;  cells 
tubular;  very  long;  gradually  diverging  in  all  directions] from 
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an  imaginary  axis;  apertures  promiaent,  circular,  arranged  in 
a  transverse  series  or  spirally  around  the  stem ;  walls  thin. 


na.  M.    A  pntlai 


Family  Reptaiidx. 
This  family  inoludes  those  adnate  forms,  having  a  central  axis 
and  bilateral  tabular  cells.    The  following  genera  are  included 
in  the  family :  TT^nmtmf'f*  and  Bbptixu. 

Hbdzbblla,  Hall. 
(Trans.  Albany  Institute,  Vol.  X,  p.  191.     1881.) 
Type,  Hederdla  Canad«naia,  Billings. 

(Plate  SS,  flgig.  10-18.) 
Zoarium  parasitic,  procumbent,  attached  its  entire  length; 
usually  occurring  on  coraltf  or  Brachiopoda.  Zoarium  consisting 
of  a  primary,  cylindrical,  tubular  axis,  which  has  bilateral 
tubular  cells  at  frequeut  intervals  and  occasionally  cells  having 
the  same  mfinner  of  growth  as  the  primary  axis.  This  manner 
of  growth  is  indefinitely  cootiuued  so  that  comparatively  large 
surfaces  are  covered  by  the  fronds;  cells  suhcylindrical  with 
transverse  annulations  and  striations,  and  also  fine  longitudinal 
striations ;  cell  tubes  in  contact  with  the  axis  for  a  portion  or 
the  whole  of  their  length. 

Keptabia,  BoUe. 
(Leonhard  and  Bronn,  Neues  Jahrbuch,  p.  180.     1851.) 
Type,  Heptaria  stolonifera,  Rolle. 

(Plate  Se,  figa.  8,  9.) 

Zoarium  adnate,  consisting  of  a  rachis,  from  which  proceed, 

laterally,  simple  cell  tubes^  and,  at  irregular  intervals,  tubes 
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which  have  the  same  manner  of  growth  as  the  primary  rachis. 
This  mode  of  growth  is  continued  indefinitely,  the  zoarium 
frequently  covering  a  comparativeb'  large  area. 

Cell  tubes  snbcylindrical,  slightly  sinuous,  especially  Dear  the 
base;  the  attached  jwrtion  flat,  the  free  portion  convex.  For  a 
short  distance  the  cells  are' nearly  parallel  witb  the  rachis,  then 
diverge  at  an  angle  of  thirty  fi^e  or  forty  degrees;  near  the 
aperture  turning  directly  outward,  so  that  the  aperture  is  at  right 
angles  to  the  main  portion  of  the  cell  tube;  margins  of  the  cell 
tubes  in  contact,  but  not  coalescing;  the  end  of  each  succeediog 
cell  tube  projecting  beyond  the  preceding  one,  giviug  a  serrate 
appearance  to  the  margin  of  the  frond  ;  cell  tubes  aonulated. 


Family  Phaceloporidx,  Ulrich. 
This  family  at  present  includes  one  genus,  Phaoelofosa. 


Fhagelopoea,  Ulrioh. 
(Geol.  Sur.  111.,  p.  388.    1890.) 
Type,  Phacelopora  perlenuis,  Ulrioh. 


J 


Zoarium  articulated,  segments  short,  conical,  consisting  of  two 
or  more  equal  conical  cell  tubes,  with  slightly  contracted^circular 
apertures. 
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Ctolopoba,  Front. 
(Trans.  St.  Louis  Acad.  Sci.,  Vol.  I,  p.  5M.     1860.) 

Type,  Cyclopora  y«nyia,'  Prout. 

Zoaria  consisting  of  lamellar  or  disooidal  expansions;  incmst- 
ing  or  free ;  under  surface  an  epitheca,  concentrically  wrinkled 
and  radially  striated  by  the  recumbent  portion  of  the  cell  tubes. 
Cells  tubular,  at  first  prostrate,  then  curving  somewhat  abruptly 
and  continuing  rectangularly  to  the  surface;  apertures  subcircular 
or  somewhat  truncated  posteriorly ;  more  or  less  regularly  dis- 
posed. When  regularly  disposed  there  is  an  oblong  depreeaion 
between  adjacent  apertures;  when  irregularly  disposed,  this 
space  may  be  divided  into  two  smaller  ones ;  or  it  may  appear 
that  the  apertures  are  separated  by  unequal  and  irregularly 
situated  depressions.  With  growth  these  interspaces  are  devel- ' 
oped  into  tabulate  mesopores. 


Pbodtblla,  Ulrich. 
(Geol.  Snr.  III.,  p.  403.     1890.) 
Type,  Proutella  discoidea,  Ulrich. 

"  Zoarium  discoidal,  thin,  free ;  the  lower  surface  convex  and 
with  a  concentrically    wrinkled    epitheca.      Cells  subtubular; 
76 
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walls  thin ;  apertures  broadly  elliptical,  surrounded  by  a  narrow 
sloping  area,  hexagonal  in  outline.  When  perfect  there  is  a 
depressed  calcareous  plate  that  closes  nearly  two-thirds  of  the 
aperture,  the  orifice  left  being  subtriangular  in  form.  With  age, 
successive  layers  are  developed  directly  over  the  first,  so  that 
they  gradually  form  a  cell  tube,  seemingly  having  the  cavity 
intersected  by  incomplete  diaphra9;m3,  which  appear  to  have 
their  origin  on  the  posterior  wall,  and  extend  oat  half  way 
across." 


Family  Worthenoporidje,  Ulrich. 
This  family  includes  at  i>resent  only  the  genus  WoRTiiENOFOBi. 

WoRTHEKOFOKA,  Ulrich. 

(Geol.  Siir.  111.,  Vol.  VIII,  p.  4u3.     1S90.) 

Type,    Worth cn<>2>o-rti  xj'inosa,  Ulrich. 

"  Zoarium  bifoliate,  branching  or  palmate.  Cells  very  regu- 
larly arrauged.  subtubular,  with  the  apertures  semiellipticiil. 
On  the  surface  the  line  of  junction  between  the  cells  is  marked 
by  a  longitmlinal,  elevated  ridge.  The  truncate  jjosterior  niarf:in 
of  the  aperture  is  raised  into  a  less  strong  transverse  bar.  Tlie 
elongate,  triangular  depressed  front  appears  perfectly  plain." 

The  condition  in  which  the  three  following  genera  occur  render 
their  classification  difficult:  Abcodiotton,  RaoPALONARiA.  and 
Y 
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Fia.  11*.    A  portion  of  tlu  nirfw*.  jM. 

Aboodioitoh,  Vine. 
(Ann.  and  Mag.  :^at  Hiet.,  4th  Series,  Yol.  XIX,  p.  168. 

Type,  Aaoodiotyon  fusiforms. 

"  Zooeoia  consisting  of  radially  arranged  fusiform  or 
cells,  or  &liform  threads  with  periodic  swellings  " 


1877.) 
bnlboas 


Khopalohabia,  Ulrich. 
(Jour.  Oin.  Soc.  Nat.  Hist.,  Vol.  II,  p.  26.    1879.) 
Type,  Rhopalonaria  veriosa,  Ulrich. 
Cells  slender,  fusiform,  arranged   in  a  siagle  anastomosing 
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series ;  cell  mouths  small,  near  one  end  of  the  cells.  The  animal 
had  the  power  of  exoavatinf;  the  substance  of  the  body  upon 
which  it  grew. 

ViKKLLA,  Ulrich, 
(Jour.  Cin.  Soc.  Nat.  Hist.,  Vol.  XII,  p.  ITS.     3890.) 

Type,   Yindla  repens,  Ulrich. 

"  Zoarium  attache<i  to  foreign  bodies ;  consisting  of  exceedinglyi 
slender,  ramifying,  threadlike  tubular  stolons,  arran^d  in  3 
more  or  less  distinctly  radiating  manner  ;  surface  of  tubes  some- 
times faintly  lined  longitudinally  ;  a  row  of  widely  separated  small 
pores  along  the  center  of  the  surface  of  the  tubes ;  cells  unknown. 
The  cells  must  have  been  deciduous  and  developed  by  budding 
from  the  creeping  stolons  from  the  points  now  represented  by 
the 


>Q 

i 


./^' 
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ADDENDUM. 

Stiotopji^a,  Hall. 
(Pal.  N.  y.,  Vol.  I,  p.  73.    1847.) 
Type,  Stictopora  elegantula,  Hall. 

(Plate  10,  figs.  9,  10,  20.) 

Zoarium  attached  by  a  spreading  base  to  foreign  objects; 
ramose;  branches  thin,  transverse  section  lenticular;  composed 
of  two  layers  of  cells  separated  by  a  mesotheca;  cell  apertures 
circular  or  oval,  surrounded  by  a  peristome;  rows  of  cells  fre- 
quently separated  by  narrow  ridges;  margins  noncelluliferous; 
interapertural  space  vesiculose  or  apparently  solid. 

This  genus  differs  from  C ys  todiotya  principally  in  the  absence 
of  pseudo  septa  and  lunaria. 

Abthboposa,  Ulrich. 

(Jour.  Cin.  Soc.  Nat.  Hist.,  Yol.  Y,  p.  162.    1882  ) 

Type,  Arihrapora  Shafferiy  Ulrich. 

^^  Zoarium  jointed;  segments  short,  with  several  branches  pro- 
jecting from  each  edge,  some  of  which  may  or  may  not  be  tipped 
for  articulation  with  succeeding  segments;  cell  mouths  sub-circu- 
lar, separated  by  interstitial  pits  or  sulci." 

Rhinidiotya,  Ulrich. 
(Jour.  CiD.  Soc.  Nat.  Hist.,  Yol.  Y,  p.  152.    1883.) 
Type,  Bhinidictya  NichoUoni^  Ulrich . 

(Plate  10,  figs.  8-5.) 

"  Zoarium  narrow,  branching  at  long  intervals;  cells  surrounded 
by  a  close  series  of  spiniform  tubuli." 
Yery  similar  to  Stiotopoba. 

Ptilooella,  nov.  gen. 
Type,  Ptilocella  parallelay  Hall  (sp.). 

(Plate  15,  figs.  1-8.) 

Zoarium  ensiform;   in  its  pointed,  striated  base  resembling 
PiiLODicTYA,  but  the  cell  apertures  are  circular,  arranged  in  par- 
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allel  longitudinal  rows,  which  are  separated  by  ridges  as  in  Sric- 
topora;  margin  of  frond  noncelluliferous,  striated. 

FlBauLIFOKIDBA,  HOV.  gCD.  V 

Type,  Fisttdiji&ridra  iesselata,  Ilall  (sp.).  * 

(Plate  32,  figt.  1-3.) 

The  manner  of  growth  and  internal  structure  is  the  same  as  in 
FiBTDLiPOBraA,  but  the  cell  apertures  are  surrounded  by  angular 
elevations,  enclosing  the  apertures  in  a  polygonal  vestibular  area, 
the  surface  presenting  a  very  different  appearance  from  that  of 
FiainLiPOKiMA. 

FlBTDLICEU.A,    UOV.  geU.  fl 

Type,  Fist'uiiceUa plmia.  Hall  (sp.)-  ' 

(Plate  32,  flg.  t.) 

The  manner  of  growth  and  general  appearance  is  the  same  as 
that  of  LioHKHALTA,  but  the  cells  are  circular  and  without  pseudo 
septa  or  Innaria. 
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Fig.  1.  A  vtry  macb  enlarged  drairing  of  m  oeU  seen  in  section,  n 
the  {folypide  euerted,  uid  extubiting  soatomical  i 

Fig.  S.  Showing  s  tection  of  a  cell  with  the  polypide  retrftcted. 

F!g.  8.  Lophopbore  viemd  upon  the  upper  snrfice,  with  the  ■ 
mud  rooU  of  UntaoolK  (after  Aix^ax). 


£kptanatitm  o/ltUtrinff. 

a,  Tnta«l<^ 

i,  Miucles  closing  the  orifice. 

t.  Retractor  moscleis  of  polypid. 

«,  Cardiac  cavity  of  Btomacb. 

d,  Pyloric  cavity  of  Btomacfa. 

o,  Superior  funiculus.                  1 

«,  PyloniB. 

p,  Ovary.                                      ' 

f,  Iniewtine. 

r,  Funiculus. 

../,  A„„5. 

c,  Testes. 

/',  PoHtfrior  [.ariolo-vaginal   ii 

iius. 

(,  Si*rniatozoa. 
M,  Endocy,=l. 

i,  AiiU-rior    j.arieto-vaginal    ii 

aiiH- 

V,  Ectocysl. 
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PLATE   B. 

BOWBBBANSII    DSN3A. 

Fig.  a.  Showing  the  animal  fully  expanded. 

1  Pbarynx  ;  2  Cardia  ;   3  Gizzard  ;   4  Stomach  ;   5  Pylorus  ; 

6  Intestine  ;  T  AnuB  ;  8,  9  MuHoles. 
Fig.  6.  The  auimal  completely  retracted,  ^^^^ 

S,  3  Opercular  retractor  muscle«,  ^^^^H 

R^  A  An  immature  animal.  ^^^^H 

Fig.  d.  One  of  the  buds  in  its  earlie^it  state  (after  Fakbe). 
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PLATE   C. 

Kmbryology  of  PnALAjaaRLLA  rLADSLLATA. 
Explanation  of  UUeriiff. 


I,  Cavity  of  the  mantle. 
m,  Mantle, 
w,  Tentacles. 
o,  EndocyBt. 
/>,  Polypi  Je. 
r,  Rectum. 
X,  CrowD. 
z,  "  Zone  anhiste." 


O,  Cavity  of  the  body. 

b.  Digestive  cavity. 

c^  Moatfa  of  the  gasLrula. 
4,  Exoderm. 

1^  Endoderm. 
/,  Oral  face. 
t,  Aboral  meeoderm. 
Jb,  Aboral  face. 
Vig.    1.  Cell  greatly  enlarged. 
Fig.    9.  Cell  divided  in  two,  still  adhering  to  the  endocyst, 
Fig.    3.  Morula. 

Fig§.  4,  &.  Ueginning  und  enlargemeDt  of  the  cavity  of  segmeiitalJOD. 
Pig.    6.  BUstuIa. 

Figs.  7,  8,  9.  Gastrula  in  diflferent  stages  of  formation,  fig.  8  being  a 
■erlioal  section. 
10.  A  section,  showing  the  appearance  of  the  median  aweUlng, 
which  represents  the  crown. 

i.  Development  of    the   median    swelling,   which   at   first 
(fig.  10)  ia  near  the  oral  face,   approaching  the   middle 
{&g.  11),  and  afterwards  nearing  the  »boral  face  (fig.  19). 
The  same  figures  sliow  the  formation  of  the  nieaoderni  i, 
between    tlie  aboral    face  and    tlif  posterior    w.ills  of    the 
intestine. 
Fig.  13.  Showing  a  more  developed  state. 
Fig.  14.  A  free  embryo,  vertical  section. 
Fig.  15.  All  exterior  view  of  the  naiui'. 

Fig.  16.  First  stage  of  tixalion,  composed  of  an  internal  jiyriform 
mass,  and  an  external  layer  spread  over,  and  following  all 
the  contours  of  the  internal  mass.  IJetweeu  the  two  are 
I  fally  globu 


Figs,  r, 

» ig.lt). 
igill, 


.  17.  Tlie 


r  !ia 


ed   frc 


1  the 


,nd 


has  formed  a  .liseoidal  sac,  in  wliieh  is  easily  distinguished 
tlie  endocyst  (e),  the  eetneyst  (")■  s^'"!  the  "none  auhiste" 
(e).  Internally  are  nhuwii  the  fatty  fjlobules  and  the  pyri- 
form  mass,  which  now  begins  to  show  the  rudiments  of  a 
polvpide. 
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PLATE   D. 
Contiii nation  of  embryology  of  Pualanijella  fi.*.bb£.i.ata. 
JB^lanation  of  lettering. 
Ectooyst.  r,  R«clum, 

Biidocysl.  V,  TermiDal  disc  of  tentacular tn be. 

Tentacles.  w,  Stomaoh. 

Fatty  globules.  z,  "  Zone  anhisle." 

IS.  A  more  advaiiceil  stage;  a  little  beyond  the  center  xi  » 
diKcoidal  plate,  formed  by  the  tubular  apriaing  of  the 
surface. 

19.  The  upritimg  of  tlie  surface  under  the  disc  v  baa   formed  & 

long  tiibu  (tentacular  tube)  ;  the^  disc  has  changed  from  a 
horizontal  position  to  a  vertical  on  acooiint  of  the  unequal 
increaBe  of  the  two  faces  of  the  tube,  and  has  the  beginning 
of  an  opening  (opening  of  the  cell).  The  mdimentwy 
polyp  begins  to  acquire  a  definite  atruolnre, 

20.  The  t',ln,.y«t  ir-    m-ntlv  tliirkoncl,  an.l    bas    fnrmed    fn   \l.- 

tvTitrlcubr  tiibu.      Tlic   fatty  globulus   art>   condensed  in  uv.. 


Fig.  21,   Tiie    i,oly| 

.    iias   i-fa^'bed    llie   c- 

anliisto 

■■l,as  disappeared. 

Fig.  23.  The  primi 

live  cell  an.l  tcDlacuhi 

Fig.  33.  A  protik'  ' 

new  .<f  a  cell. 

Fig.  -24.  allowing  t 

111.'  iiuiiner  of  increasi 

(!16 

l,l,lrt. 


ml   the 
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PLATE   E. 

MOLUA    CRAM  IF  BRA. 

J3xpl(inalion  of  lettering, 
n.  Ciliary  plume.  e,  Eodouyst. 

b.  Mouth  of  the  gastnila.  e',  Ectooyst. 

c.  Ocnlifonn  iiointe.  /,  Fally  globules. 

d.  Obscure  portion  of  tlie  cavity   /,  "Zone  anhiste." 

of  the  body  oomprieed   be-  p,  Polyp. 

tween  the  two  bratKiheH  of  the 

stomach. 

Figs.  1,  9.  The  oral  and  aboral  face  of  a  free  embryo.     xISO. 
Fig.    a.  The  Brat  stage  of  metamorphosia,  showing  the  beginning  o( 
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PLATE   I, 

RETEPORELLA. 

(Page  M8.) 

RbTE1>0BSLI,A   UNDUUlTA,  HalL 

Figs.  1,  2.  Natural  size. 

Fig,     3.  Celluliferoiia  face.     xit. 

Upper  Helderberg  group.     Falls  of  the  Ohio. 

RSTEPORELI^    ADNATA,  Hall  (sp.)> 

r  Fig.    4.  Nonoelluliferous  face.     x6. 
Fig.     6.  Celluliferoua  face.     x6. 

Upper  Helderberg  group.     FaUaofthe  Ohio, 

RETEPORINA. 

(Page  <'W4.) 
Rbtbpobina  stbiata,  Halt, 
Fig.    6.  NoDcelluliferone  face.     x6. 
Fig.     7.  CelluliferouB  face.     x6. 

Hamilton  group.     New  York. 

RrTSPOBIMA  PEBUmXJLATA,  Hall. 
Fig.    8.  NoncellnliferouB  face,     x6. 

Upper  Helderberg  group.     FaB»  of  the  Ohio. 

POLTPORELLA. 

(Pag.^  502.) 


POLTPORBIXA    FISTULATA,    Hall    (s)..) 

Fig. 

a. 

Transverse  section.     xG. 

FiR. 

10. 

C'elhiliferous  face,     x6, 
Hamilton  group.     Xeio  York. 

POLYPOKA. 

(Page  503,1 
PoLYi'OKA  AsrECTANS,  Hall. 

Fig- 

12. 

Transverse  section.     \ii. 

Fig. 

13. 

Celluliferous  face.     x(J. 

Upper  Hel.lerberg  yroup.     JudU  of  the  Ohi 

PoLYfOKA    STH1AT01-ORA,  Hall. 

Fig. 

U. 

Natural  si/e. 

Fig. 

14. 

Celhiliferoiis  face.     \6. 

Fig. 

16. 

Noncelliiliferous  face.     x6. 

Upper  Helderberg  group.      Fulls  of  ike  Ohi 
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PLATE  II. 
FENESTELLA. 

(Page  500.) 

Fig.    1.  Cetlnliferous  face,  showing  low,  Bmooth  carina,     xd.     Oroajm. 
Fig.    S.  CalluJiferouB  face  of  a  fonn  Hhawiog  a  row  of  nodes  between 

the  rows  of  apertures.     x6.     Group  (?. 
Fig.    3.  Celluliferoua  face,  with  prominent  carina)   expanded   at  the 

summit.     x6.     Group  £. 
Fig.    4.  TranHverse  section  of  a  form  belon^ag  to  group  a.    ■ 
Fig.    5.  Oblique  view  of   a  portion  of   the  celluliferoua  face  of  F. 

uellata,  Bhowing  tiie  very  prominent  stellate  nodes.     %%. 
Fig.    0.  A  tranHveme  aectton  of  a  branch  ahowing  conical  nodes,     i& 
Fig,    7.  Siilc  view  of  a  branch  of  F.  ea;orrta(a,  showing  the  promlnect, 

thin  carina,     xtt. 
Fig.    B.  End  view  of  branches  of  the  same  speciee.      x6. 
Fig.    9.  Side  view  of  a  branch  of  F.  lat^unclura,  ahowing  the  chanc- 

teristics  of  the  oarinie  of  Group  S, 
Fig.  10.  Eriil  view  of  brancho.'^  of  the  sitnie  R]>e(;ies,     x6. 
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f                          PLATE                                    ^^^H 

1 

■                            CYCLOPORINA.                              ^^^H 

1 

(Page  eOi)                                          ^^^^1 

1 

Ctclopobima   bbuiotcla,  Hall  (ap.).               ^^^^H 

I. 

NoDoellaliferoiiB  face.     x6.                                             ^^^^^M 

2. 

Celluliferoas               x6.                                                        ^^^^^^M 

^■Fig. 

5. 

Side  view  of  a  branch.     x6.                                          ^^^^^| 
Hamilton  group.     JVeto  York.                                        ^^^^^H 

T 

CtCLOPOBMA  SEMiaOTUMDi,  Hall  (sp.).                                   1 

t¥ 

^^■-Fig. 

3. 

NonoelluliferoaB  face.     x6.                                               ^^^^^| 

E 

^BVig. 

4. 

CetluliferouB                                                                   ^^^^^| 

Hamilton  group.     Neic  i'ork.                                          ^^^^^^M 

FENESTRAPORA.                                        ^t 
(Page  506.)                                                _^J 

FBHSSTBArOBA  LABOIOB,  Hall  (sp.).,  ^^^^^^^H^^| 

^P^lg. 

6, 

Hamilton  group.     Mosccnr,  JV?  1'. 

Fig.    7, 


Fig.     8. 
Fig.     9. 


FenKSTBAPOHA   HjrERFOBATA,'  Hall. 
An    enlargemeut    from    the   celjuliferous    face,    eliowintj    tlit 

triangular  pores.     xl8. 
An  enlargement  from  tlie  noncelhiliferous  face.     xlS. 
An  enlargement  from  tlie  celluliferous  face,  sbowing   the  ciH 

apertures  ami  the  poriferous  summits  of  the  carinn,'.      x6. 
A  still  further  enlargement  of  the  poriferous  summits  of  tlie 


Fig.  11.  Side  view  of  a  branch.     x6. 
Fig.  12.  End  view  of  branches.     \6. 

Hamilton  group.     Moscw;  X.    }". 
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Fig. 
Fig. 


Fig. 
Fig. 
Fig. 

Fig. 


PLATE   IV. 
PriLOPORKLLA. 

(Page  508.) 
PtILOPOKKLLA   tKKQUALlS,  Hall. 
1.  A  fragmeht  of  a  specimeD,  natural  Hize. 

3.  Aa  enlargeinent  of  a  portion  of  the  pr^oediug  figure.     x6. 
Upper  Heiderberg  group.      Walpole,  Ontario. 

PlTLOPOBKLI.A   LATIOBKBCKNB,  Hall. 

3.  A  fragmcut,  natural  size. 

4.  A  trauBvuree  aection  of  the  branches,     tx. 

5.  An  enlargement  from  the  nonoelluliferouB  faoe  of    a  fronil, 

ehowiog  two  of  the  primary  branches.     x6. 

6.  An  enlargement  from  the  celluHferous  face  of  Fig.  3,  ehowiiig 

the  form  and  arrangement  of  tlie  cell  apertares. 
Upper  Heiderberg  group.     WalpoU,  Ontario 


PINNAPORINA. 
(Page  GOT.) 
PiirNAFOitmA  FanvATX,  Halt  (ap.). 
Fig.    7,  A  fragment  of  a  frond,  natural  si^e. 


PTILOPORINA 

(PaKf 

507.) 

I'Tl 

.OI'OUINA 

■UN1.-4, 

y.  A  Tr 

ni 

rial 

lial  H/G. 

Upp 

r  H 

Id 

rljt 

■g  yroup. 

SrholiH 

d 


I'TII.OrORINA    SINIBTKALIH. 

Fig.    9.  A  frond,  natural  si/.e,  showing  .ill  of  the  sucondarv  liranflu-i 
proceeding  from  the  wniKtral  side  of  the  primary  or  larizer 
brandies. 
Fig.  lU,  An  fulargenifiit  of  a  ]>ortion  of  the  same  frond.      x6. 
UpjiLT  HeMiiibcrg  group.      Wiiljiok,  Ontiirio. 

pTlLOPORlNA    niSl'AltlLES. 

Fig.  11.  A  fragini'iit,  uniura]  fixe. 

Fig.  12.  An  eiilargomoiit  from  the  cellulifuroiiH  faue,  showing  from  tw 
to  live  ranges  of  tell  apertures.     M3. 
Up]'er  Heiderberg  group.      Widjiole,  Ontario. 
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^^P                 PLATE                      ^^^^^^H 

1 

^^1                 HEMITRYPA.                               ^^^^| 

(Page  507.)                                          ^^^H 

Hehttbtpa  cbibboba,  HftIL                                  ^| 

Fig. 

1. 

An  enlargement  of  the  ba«e  of  a  apecimen.     xO.                        ^ 

Fig. 
1 

9. 

A  Btill  farther  enlargement  of  the  same  specimeD.     xl8. 
Upper  Helderberg  group,     Iblis  of  the  Ohio . 

HkUITBTPA    COLnitKLia.TA,  Hall.                                        ^M 

■    Fig. 

3. 

A  fragment,  natural  size.                                                             ^m 

■  ^. 

*. 

frond.     x6. 

"    Fig. 

6. 

An  enlargement  from  the  cellaliferons  face  of    a  frond.     Tbe 
upper  portion  of  the  figure  ehowB  the  superimposed   hemi- 
trypio  structure.     x6. 

e. 

A  side  view  of  a  portion  of  a  branch  and  carina.     x6 . 

Fig. 

1. 

End  view  of  branches  and  carinn;.     i6. 

Fig. 

8. 

Side  view  of    a  branch  showing  the  cell  apertures  and  the 

A    Fig. 

6. 

Nonoelluliferons  face.     x6.                                                         ^M 

^P    Fig. 

10. 

.  An  impression  in  the  rock  of  the  celloliferous  face.      x6.       ^m 

ig.  11.  Pseudo-carina?  and  connecting  sealic. 

Upper  Ilelderlierg  group.      Walpole,  Ontario. 


(Page  508.) 
Unitkypa  connexa,  Hall. 
Fig.  12,  An  enlargement  of  the  summits  of  the  carinii;  and  connecting 
scala;.     On  jtorlioiis  of  the  figure  the  scaliL'  are  of    unitrvpic 
character,  while   on  otjier  portions  tlity  are     liemitrvpic. 
This   species  could,  with    equal   propriety,  be   intjluded    in 
either  Unitetp*  or  HKiiiTRYrA, 
Fig.  13.  Side  view  of  a  portion  of  a  branch  ami  its  carina'.      x6. 
Fig.  14.  Transverse  section  of  branchta  and  carina'.     .\6. 
U|>per  Helderbi'rg  group. 

r>-J8 
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B«porl  Stale  esolo»i3t.l894. 


MUM     ^        !f"i.oi, 


('^■^'•^^•^  ^ 


# 

^ 


!*. 


'■A 
■'   «    ; 

\v 


1  » 
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UnITBYPA   ACCLIYIBy  HalL 

Fig.  15.  An  enlargement.     The  lower  left-hand  comer  shows  the  oella- 
liferous  face  of  the  branches ;  the  other  portion  showing 
the  irregular  summits  of   the  carinsB  and  the  connecting 
scalsB. 
Upper  Helderberg  group.    I^alls  of  the  Ohio. 

UHITBYPA   LATA. 

Fig.  16.  An  enlargement,  showing  the  summits  of  the  carinsB  and  con- 
necting scalse,  the  celluliferous  face  of  the  branches,  and 
also  the  interior  of  the  branches. 

Fig.  17.  A  fragment  of  a  frond,  showing  the  anitrypic  face,  natural 
size. 

Fig.  18.  A  side  view  of  a  portion  of  a  branch  and  its  carina.    x6. 

Fig.  19.  A  transverse  section  of  branches  and  their  carinsB.    x6. 

629 


1 

^              PLATE  VI.                               ^^^H 

■ 

^^^                                                                     ^^^1 

^^^^^ 

(Page  &08.) 

UnITETPA    F4BT10ATA,  Hall. 

Kg. 

1. 

A  fragment  of  a  froud,  xhowing  Uie  Doncellaliferon^    face, 
natural  size. 

Fig. 

3 

A  fragment  of    a  frond,  showing  the  umlrypic  characters, 
natural  ehe. 

Fig. 

3, 

A  transverse  section  of  brandies  and  their  caritue. 

Fig. 

4. 

A  Bide  view  of  a  brancb,  showing  the  form  of  the  »oaIie.     xC 

Pig. 

5. 

An    enlargement    from    the    noncellnliferons    face    of     tb« 
frond.     1 8. 

Fig. 

m 

6 

An  enlargement,  showing  the  aummils  of  the  carinfe  and  their 

connecting  scalsu.     .v<i. 
Upper  Holderberg  grouji. 

ISOTRYPA. 

(Page  GIO.) 

ISOTETPA  CO»JCKOTIVA,  Hall. 

Kg. 

7 

A  transverse  section  of  brancbea  and  their  oarina>.     xO. 

Fig. 

8 

A  side  view  of  a  portion  of  a  branch  and  ita  carina.      x6. 

Fig. 

9 

A  side  view  of   the  upper  portion  of   a  branob,  showing  tha 
oolumellar  appearance  of  the  broken  carinse;  in  this  respect 

Fig.  II.   An  ,■ 


hi'  riuii,-,-ll,iiifi..r..Tis   f.ice   of    a 
iL-i  |>..ros  on  ..!■  nu^r  tin.'  dissi.|.ii 
:Trliulif.Tuu^  f;K-('Or  -T  froTuJ. 


ThXTn.ll'oKKI.I.A. 


\n  eiiUirrji-rm-nl.  Th^-  Ivft-li, 
the  Mininiits  nf  lliu  iMriii:i-  : 
the  c'lbilifuruiH  far,-  ..f 
poniiin  till'  inturiin-  <'(  iliv 

Vn    cniari^iimenl,    shnvving 


Hall    (.,,,). 

,rtinn  ,if  tliL'  tiLjuro  slio 
nn,-cliiiKl)ars;   tiu-cei.tr 


lif.-i 


fat 
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^^B                 PLATE 

^^H               TECTULIPORA. 

^^^                         (Page  on.)                                                             J 

Tkctoupora  BIPKKPOKATA.                                                 J 

HviK- 

1. 

A  traniverBe  sectioD  of  brancbes  and  cariofB.      x18.                      m 

HFlg. 

a. 

A  side  view  of  a  branch,  ahowing  sections  of  the  dimepimenU 
and  their  oarinie.     xl8. 

^■Vig. 

3. 

An  enlargement  from  the  noncelluliferous  face  of  a  frond. 

118. 

Hv^g- 

4. 

An  enlargement  from  the  oeltuliferona  face  of  a  frond.     xlB. 

^■Fig. 

S. 

Ad  calargement,  showing  the  summiu  of  the  carin»  of  U» 

branches  and  disse pi mentB.     xl8.                                                J 
Upper  Helderberg  group.      Walpole,  OiUario.                               ■ 

LOCULIPORA.                                 _^B|J 

<pBge                                                          ^^^H 
LOCULIPOBA    PKKPOBATA,   Hail                             ^^^^H 

ft, 

and  their  carinia.     zQ.                                                                M 

rig- 

7. 

A  trarisvurso  section  of  three  of  the  branches  and  their  rarins-. 

Fig.     8.  An    enlar^'einent  from  I 


icelluliferoiis  face   of   a   frotul 
of  the  cariniL'  of  the    brancin- 


Fig.     !*,  An  enlaigcnienl  of  the 

anil  diHsepimentH.     .16. 
Fig.  10,  An  enlargement.     The  lower  portion  of  the  figure  shoiv?  tli-. 

cellnliferous  fai^o   of  the  branches;  the  upper   iiortion   tlu- 

Huniniits  of  the  carinii'.     x6. 
Fig.  11.  An  enlargemt-nt  from  the  celluliferoiis  face  of  a  frond.      \6. 
Fig.  12.  A  portion  of  a  frond,  natural  size. 

Lower  Ilehlerberg  group.     Athany  ro'inly,  X.    1', 

m-2 
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PLATE  Vni. 

PTILOPORINA. 

(Page  507.) 

Ptilopokina  pinnat*,   HalL 

Fig.     1.  An  enlargement  of  tbe  noncelluliferous  face.     ThU  figure  u 

inserted  here  for  comparison  with  Pfilopoba.. 

I  PTILOPORA. 

(PagB  516.) 
Ptilopoba  §triat*,  HalL 
Fig.    a.  Noncelluliferoufl  face.     x6. 
Fig.    3.  Celluiiferous  face.     x6. 

Hamilton  gro'ip.     Mo»eov),  Lioinifsto%  county, 

Ptilopoba  iNFRiiiaKiis,  Hall. 
Fig,    4.  A  fragment,  natural  size. 
Fig.    6.  Tb«  same  specimen,     x8. 
Fig.    7.  Noncelluliferous  face  of  a  fragment.     x8. 
Hamilton  group.      Western  A'ew  York. 

Ptilopoba  sodosa,  Hall. 
Fig.    S.  The  oellnliferouB  face  of  a  fragment.     x6 
Hamilton  gronp,     Nf-ar  Alden,  N.    Y. 


ULArCONO.MK. 

ll\iHi.  -)3J,i 

(iLAurosoMK  SIMMS.*.  Halt. 

Figs.  8, 

9.  Fragiiietit.",  natural  «i/e. 

Fij;.  10 

Thfoulliiliferous  face.     v(i. 

Upper  HelderbtT^  group.     Xfir  f.eroi/.  X.    Y. 

(JlADI'OSOSTB    TKSlTSTRlAr.*,     Hall. 

Fiy.  1 1 

A  fragment,  natural  nhe. 

Fig.  12 

The  noiicelluJifL-rous  f.icc.     x.). 

Fig.  13 

The  (.-.^liulife roll's  face.     ,\G. 

I'ppLT  HelderWrg  gruu|i.     X^:ir  /lujnilo.  X    )'. 

GLA0COSOMK    CARINATA,    Hall. 

Fi,^'.  U 

Fraymytits,  natursil  .si/e. 

Fig.  16 

The  niuncelluliferous  face.     \il. 

Hamilton  group.    Full  Brook,  foni'  mites  tost  >■/  Va/n 
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ICHTHYORACHIS. 

(Page.  524) 

ICHTHYOBACHIS   NkWBNHAMI,    M0C07. 

Figs.  16-18.  Copies  of  McCot's  original  illustrations. 

IcHTHYOBAcnis  Nbbbis,  Hall. 

Fig.  19.  The  celluliferous  face.     x6. 
Fig.  20.  A  fragment,  natural  size. 
Fig.  21.  The  nonoelluliferous  face  of  a  specimen.     x6. 
Lower  Helderberg  group.     SchoharUy  N.  Y. 
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Fig. 
Fig. 

Fig.  B. 
Fig«.  10 
Fiy.  12. 
Fig.   13. 


■     THAMNICELLA. 
(Page  535.) 
TeA«NicELL\  Nyba,  llall. 
.  A  fragment,  naiural  h 
.  The  eaoie.     z6. 
Lower  Helderberg  grou]J.      Clarkamlle,  N.    II 

Thimnicblla  ASCUTi,  Hal!. 
.  A  fragment,  natural  size. 
.  A  portion  of  the  celluliferoua  face.     x9. 
.  A  portion  of  tbe  Doncelluliferous  face.     x9. 


Thaunicki 
A  frond,  natural  Bize. 

,  II.  A  jiortioii  of  till'  nniieflliilifcr 
A  portion  of  Uiii  fclliilifi-rous  fao. 
A  group  of  Hrvui-.o.a,  aiiiDiig  w!ii 

this  «,>,.,.ie..    " 
Lowur  Ik'kk-rlRT^'  groM|..      CInrl.: 

THAMNIr^CUS 


CiBSEis,  Hall. 


T[[AMN[srus   vAiiioi.ATA,   Hall. 
iL^nt  of  \W  iioiin.llullft^roiis  faou  of  ,a  fron,l. 


js  Ni.„.vRKNsis,  Hall. 
Iiilifuruiis  face,      x:!. 


Fisj.   15,  A  frond,  naliir.al  s 
Fig.   IC.  A  fortiori  of  tin;  >■ 
Fiy.   IT.  A   portion    of    tlic    oulliiliferoiis    l'a.;o    of    aiioilio 
showing  .angular,  cai-inattvl  luain'lu';'. 
Niagara  group.      Widdron,  Lidkino. 
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iss;^^^;^^^^*^' 


'    I 
)    > 


Thamniscus  NAisus,   Hall. 

Fig.  18.  A  portion  of  the  celluliferous  face.     x6. 

Upper  Helderberg  group.     Mills  of  the  Ohio. 

LYROPORIDRA. 

(Page  517.) 
Ltbopobidba  subquadbanp,  Ulrich  (sp.). 

Fig.  19.  An  enlargement  of  a  portion  of  the  celluliferous  face  of  a 
frond,  showing  the  disposition  of  the  cell  apertures. 
Lower  Carboniferous. 

ANASTOMOPORA. 

(Page  517.) 
Anastomopoba  cimgtuta,  Hall  (sp.). 

Fig.  20.  A  fragment  of  a  frond,  natural  size. 

Fig.  21.  An  enlargement  of  a  portion  of  the  noncelluliferous  face, 
showing  irregular  anastomosis.     x6. 

Fig.  22.  An  enlargement  of  the  noncelhiliferous  face,  showing  regu- 
larly anastomosing  branches.     x6. 

Fig.  23.  An  enlargement  from  the  celluliferous  face,  showing  the  dis- 
position of  the  cell  apertures  and  the  thickened  margin  of 
the  frond. 
Hamilton  group. 
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Fig. 

rig. 


Fig. 
Fig. 
Fig. 


Fig. 


PLATE  X. 

STICTOPORINA. 

(Page  543.) 

STIOTOroltlNA    C'LlkyiFOBMie,   IIbII, 

1.  A  froiKl,  iiiiturul  H^e. 

4.  Thu  flame.     xH. 

Huniilton  group.     SeHona,  N',    Y, 

BHINIDICTYA. 
RininnioTTA  gb&kclos*,  H&IL 

3.  A  Begmenl,  uatural  nixe. 

4.  The  same.     xU. 

5.  A  Btill  fnrtber  enlargoment  of  a  portion  of  tbe  surfae^  Aov- 

ing  more  diatiDctly  tlie  oell  ajierlures  and   surface  onit- 
tuentatioD. 
Lower  Helderbcrg  group.      Catakill  Cretk,  IV.    r", 

STICTOCELLA 

(Page  583.) 

StICTOCBLLA    INTKEBTRIATi,    HalL 

6.  A  frond,  natural  aize. 

7.  A  portion  eiilarged,  ahowitig  the  disposition  of   the   cell  ajtcff- 

tnrep,  tbe  interapertnral  atriationa  and  the  apinuliform  pro- 

iertioTis  in  tin?  wl!  tubes. 


Hamilt.,,  gr 
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Fig.  10. 
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SriCTOPOBA  PALHIPJM,  Hall. 

Fig.  20.  A  frond,  natural  size. 

Hamilton  group.     New  York. 

CYSTODICTYA. 

(Page  586.) 

Cystodictya  incisubata,  Hall. 

Fig.  11.  A  transverse  section  of  a  branch.    x6. 
Hamilton  group.     Kew  York. 

CYhTODICTYA   QIIBBBTI,   Meek. 

Fig.  12.  A  portion  of  a  frond  from  which  the  surface  has  been  worn 

away,  showing  the  cell  tubes.  x6. 
Fig.  13.  A  fragment  of  a  frond,  natural  size. 
Fig.  14.  A  natural  vertical  section  showing  the  cell  tubes,  and  in 

some  of  them  the  septie.     x6. 
Fig.  15.  A  natural  transverse  section.     x6. 
Fig.  16.  An  enlargement  of  the  mesotheca,  showing  the  transverse 

arching  lines  of  growth  and  the  longitudinal  lines  formed 

by  the  recumbent  portion  of  the  cell  tubes.     x6. 
Fig.  17.  An  enlargement  showing  the  cell  apertures  with  denticulated 

projections.     x6. 
Upper  Helderberg  group.     Falls  of  the  Ohio, 

Cystodictya  ovatipoba.  Hall. 

Fig.  18.  A  portion  of  a  frond,  natural  size.    . 
Fig.   19.  The  same.     x6. 

Upper  Helderberg  group.     FaUa  of  the  Ohio. 
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^                         INTRAPORA. 

^H 

(Page  035.) 

luTBJLpOa*   rCTKOLATl,  Hall. 

Figs. 

1- 

5.  Fragments  of  fronds,  n«ural  aze,  showing   vfirtatiom  ts 
fonn. 

Fig, 

6. 

A  portion  of  a  froud.     xa. 

Fig. 

1. 

A  still  further  eolargement  from  llje  preceding  figure.    xlS. 

Fig. 

8. 

An  oalarg^meot  from  another  epccimen  having  eircnlar  aper- 
tures and  fewer  iuterapertural  pits.     xl8. 

Fig. 

9. 

A  transverse  speeiraen  of  one-half  of  a  specimen.     x6. 

» 

Upper  Helderlierg  groap.     FalUoftht  Ohio. 

SEMIOPORA. 

(Psge  53S.)                                               ^^H 
SRMioroRA   BisnsuATA,  Hall.                         ^^| 

Fig, 

10 

A  frond,  uatarai                                                                  ^^^H 

Fig. 

11 

A  portion  of  the  preceding.     x6.                                          ^^^^| 
Hamilton  group.     JVfio  York.                                           ^^^^^k 

T.I'.NIOPORA. 


,  12.  A,> 


T.i 


■1  of  the  w 

13.  A  ].oriion  of  the  angiihir  fa 

14.  The  mesothefa  worn   awav 

the  coll  lubes,     xG. 
\h.  A  transverse  section  of  a  hr 
la.  Aside  view  of   ttit' cell  tul 
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llai 
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Figs.  1, 
Fig..  8, 


Fig.    4. 
Fig.    5. 


Fig. 


PLATE  Xn. 
T.ENIOPORA. 

(Page  6S3.I 

T^mopoBA  KxiutTA,  Hall. 
3.  Portions  of  fronds,  natural  §17.6. 
A  transverse  section  of  tbe  iriaDguUr  main   branch  of  ti^. 

1,    x6.      Compare    this    figure  with    fig.     IS,    R-iMtopora 

triqtietra. 
An  enlargement  of  a  portion  of  a  frond.     xO. 
An  enlargement  from  a  specimen  having  only  two  mtgc 

of  cell  apertnrea  on  eaoli  sitle  of  the  oannre.      xO. 
Hamilton  group.     iVew  York. 

STICTOPORINA. 
(Page  688.) 

STICTOrOBINA   RUeCAElSiT*. 

.  This  figure  is  inserted  here  for  comparison  with  figs.  1  and  2, 
Hamilton  group.     A'eio  York. 


I  THAMNOTRYPA. 

(Page  646.) 

TaAUSOTSTPA    DI  TABIC  ATA,    Hall. 

Fig.    7.  A  frond,  natural  size. 

Fi^'.     8.  A  ]>nn'u,u  of  ll)e  saiiii.'.     (ix. 

Tpi^iT  lleMerhurg  group.     Xotr  liuf^h,  .V 

PRISmOPORA. 
(F;iBH  .131. 1 


Fig.  IJ. 
Fig.  12. 


10.  Two  -speciineus,  naluriil  wi/e. 

A  j.ortiotj  of  one  f.iue  of  a  bnuiL'Ji.     xU. 

An    enlari,'emenl,    showing  the    denticulated    ctdl    api 


.   A  tr;i 
.  A  iia 


mesotlieca     and     inte 
;    mesotheca    and  ci 


tUlK'S.       xS. 

r]>|>i.T  Ili'liUTburi,'  group.     Falh  of  the  Ohio. 
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CBSiInnson,  , 


J  awes^V^o^-'^'^^''^^'^ 


Pbishopoba  subtbiqubtba,  Hall. 

Fig.  15.  A  portion  of  one  of  the  faces  of  a  branch.     x6. 
Upper  Helderberg  group.     Falls  of  the  Ohio. 

SCALARIPORA. 

(Page  532.) 

SCALA.BIPOBA.   SC  ALA^IFOR^tflS,    Hall. 

Fig.  16.  A  specimen,  natural  size. 

Fig.  17.  An  enlargement  of  the  concave  face  of  a  branch.     x6. 

Fig.  18.  An  oblique  view  of  the  same,  showing  the  form  of  the  scalsB. 

x6. 
Fig.  19.  An  enlargement  of  the  two  narrower  faces  of  a  frond.    x6. 
Fig.  20.  A  transverse  section,  showing  the  radiating  mesothecaB,  the 

cell  tubes  and  the  form  of  the  scalaB.     x6. 
Upper  Helderberg  group.     Falls  of  the  Ohio. 

SCALABIPORA   SUBCONCAVA,    Hall. 

Fig.  21.  A  fragment,  natural  size. 
Fig.  22.  A  transverse  section.     x6. 

Upper  Helderberg  group.     Falls  of  the  Ohio. 
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Figs. 
Fig. 
Fig. 

Fig. 
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PLATE  XIIL 
COSCINOTRYPA. 

(Page  537.) 

CoBClROTBYPi   CRIHRIFOR»IS,    Hall. 

1-4.  Fragments,  uatural  size. 

6.  A  ponion  of  a  frond.     x6. 

6,  An  enlargement  from  another  specimoi],  Bhowiog  tbc  denticu- 
lated cell  apertures.     x6. 

1.  A  Iransvcrse  seclioo,  showing  one  of  the  elevations,  a  feature 
characteristic  of  this  genus,  natural  sine. 
Upper  lie  1  lie rbcrg  group.     Mtlbo/the  Ohio. 

COSCINRTftt 

(Page  587, ) 
CoaciHitru  stbiatuu,  Hall.  i 

8,  A  specimen,  natHral  mk?. 
!t.  An  ^iilar-emem  nf  a  |...iunii  ,,[  Hj;.  -. 
111.  A  titill    fiirtlnjr   fn].iri:.'mi'm,  .-liowitiy  the    di-i 

iijjerliire*.     xlS. 
11.  A  transverse 

fi'nestniles.     xli. 
1-2.   One  fif  ihe  uell  ripcitiiiv-,      x' 
ilamilh'ii  .iinmp.       llVtW- ,-,  < 
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V                     PLATE  XIV.                                         jl 

^^H 

^                          COSCINIUM.                                               V 

[Page  587.) 

CosCtMItru  bTRlATURUM,   Uall. 

Fig. 

1. 

A  apecimeo,  natural  »lze. 

Upper  Helderberg  gronp.     Slnfford,  JV.  T. 

CERAMELLA. 

(Page  537.) 

Okkaubila    soidaoea,    Hall, 

Fig. 

8 

A  weadered  specimen,  Datura)  size.                                      ^^^M 

Fig. 

3. 

An  ealargement  from  the  preceding.     x6.                               ^^^| 

Fig. 

4 

A  fragment  of  a  well-preserved  xpecimen,  natural  size.     ^^H 

Fig. 

6 

An  enlargeTDent  from  the  preueding.     x6.                              ^^^H 

Fig. 
1 

e 

A  vertical  section,  sfaowing  t'le  form  of  the  c»1l   tttba^^^^l 

their  manner  of  growth.     xO.                               ^^^^^H 

Hamilton  group.      Niev;  Vork,                               ^^^^^^^H 

COSCINELL&.                      ^^^^^1 

(Pug''   '>^i-) 

COfiCINELI.A     Kl.HllANTULA,    Hall. 

Fig.     7 

A  frond,  naiiiml  sixe. 

Fig.     S 

A  ponioti  of  the  prec'i'iiing  figui-e.     x6. 

Fig,    a 

A  lraiiHvi-r.se    swtion   of  thu   portion   of  tlif  frond    l.etweeu 

adjacent  ci'll  aperlurcj^.     xCi. 

Fig.  10 

A  vertical  wf^ftion,  showiTig  On-  form  and  rtianuer  of  growth 

of  tin;  c'ell  tubes  and  the  ititercL'lluIar  veiiuulose  ti.ssue.      x6. 

Fig.  11 

An  enlargement  of  tlif  niesotlieca.     .\6. 

Fig.  12 

An  oiilargemenl  of  one  of  the  eell  .ipertiirfs.     xl2. 

Hamilton  group.      M'i<i<h>;  Ontario. 
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PTILODICTYA. 
(Page  B41,) 
Ptilodictta  PLuuKi,  Hall. 
4.  A  specimen,  nalurnl  fiize. 
6.  An  enlargement  of  a  portion  of  tlie  aarfaoe. 
6.  Ad  enlargement  of  the  base  of  Fig,  4.     x6. 
Hamilton  group.      Weal  Hamburgh,  JV'i  y. 

.  Hall. 


Ftilodictta  betifobuis,  Hall. 
Fig,    7.  An  enlargement  of  tlie  enrface,  showing  the  fonn  and  dUpo- 
^K  Bition  of  the  cell  apertnrea  and  the  veetibular  areas.      k6. 

Hamilton  group.     Alden,  iV.   Y. 


PH.ENOPORA, 
(Page  Ut.) 
Ph.ksoi'Oka  ltrata.  Hall. 
A  |iortion  of  a  s|ji.'ciiiu>n.     \t>. 
Lower  Hchloi-herg  groiqi.      ClarLtoiUe,  X.    '. 


]*i 


;.s,  Hull. 
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PLATE   XVI. 

TROPIDOPORA. 

(Page  668.) 

Tbopidopoba  nana,  HalL 

Fig.    1.  A  fragment,  natural  size,  with  Aulopora. 

Fig.    2.  A  portion  of  tbe  preceding  specimen.     xlS. 

^  Upper  Helderberg  group.     Onondaga  VaUay,  A^   Tl 

DIAMKSOPORA. 
(Pagfl  666.) 
DiAUESOPOBA    CAUEEATA,    Hall. 

3.  Several  fragments  of  this  species,  natural  size. 

4.  A  portion  of  a  branch  x6,  showing  the  appearance  and  arrange- 

ment of    the  cell  apertures  and  one  of  the  maculro . 
Fig.    G.  A  section  showing  the  cell  tubes  and  epitbeca,      xO. 
Upper  Helderberg  group.     Caledonia,  A'.  3' 

fcACANTHOCLEMA. 
(Page  563). 
ACANTHOCLEMA    AJ.TKBB4TUM,   Hall. 

Vig.    S.  A  specimen,  natural  size. 

Fig.    7.  A  portion  of  the  preceding  specimen.     x0. 

Uiiper  Helilerbcrg  group.      Orionf7(ir;fr  VaUey,  N"^    TT 

A.-AMlrOCLRMA    sruTULATU-V,    Ilall. 

Fi;;.     n.  A  j-oilion  of  a  brancli.     sH. 

Fig,    ii).  All  eiiiar^ciiiunl  showing  tliu  usual  appfar/iuci.'  aiirl    arranct- 

meiit  of  the  cell  ajicrtiires.     kI8, 
Fii,'.   11.   An   enlargcTiient  of  a  specimen   having  a  ]iit  ai  the    base  I'f 

each  cell  aperture  in  a.hiitioii  to  (he  ii«inl  iio.U'. 
Fig.   \'l.  A  vertical  section.     x\d, 

Hamilton  grou]..      Canandaujmi  Lake,  X.  Y. 

BACTROPORA. 

[Rige  5m\ 
B*fTB01>OBA     ^.URVATA,    Hall. 
Fig.    1.1.   A  speciu.en.      xii. 
Fig.    14.   A  porli.ui  of  the  pri'ei>aiTig  specimen.      xl8. 
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NEBfATAXIS. 

(Page  653). 
Nbm4Taxib  fibbosus,  Hall. 

Fig.  16.  A  specimen  imbedded  in  the  roo]^  and  fraotui^d  so  as  to 
show  the  internal  structure^  natural  size. 

Fig.  16.  A  part  of  the  same.     x6. 

Fig.  17.  A  pQrtion  of  a  specimen  showing  the  oval  cell  apertures  dis- 
posed in  regular  longitudinal  rows  and  maculsd  destitute  of 
cell  apertures. 

Fig.  18.  A  portion  of  a  specimen  having  the  cell  apertures  obliterated 
by  a  calcareous  deposit. 
Hamilton  group.    Erie  county y  N.  7T 
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^LATE  XVII. 

MONTICULIPORA. 
(Page  677.) 

MOMTICDLIPOBA   MAUUn.L08A,   Hall. 

Fig.    1.  Zoarium,  natural  eize. 
Fig.    a.  A  verlicai  section,     i8.  I 

Fig.    3.  A  transverse  aeclion.     x6. 
These  two  seotions  show  the  generic  oharaotera. 

HadsoQ  River  group.     Xear  Cincinnati,  Ohio. 

PRASOPORA. 

(Page  586). 
FigB.  4,  6.  A  vertical  and  transverse  section.     x6. 
Illustrating  the  characters  of  the  genus. 

AMPLESOPORA. 

{Pa«e  877.) 
Figs.  6,  7.  A  transverse  and  vertical  section;    illustrating  the   iniemal 

struotnre  of  the  genus. 

MONOTRYPELLA. 

(Page  081.) 
Fig.     S.  An  enlargement  of  tlif  siirfacp.     x6. 

.  Lower  Ileiderhtrg  gri)U]i.      -Year  i<c/iohiirie,  N'.    I"^ 

PnCHONEMA. 

(Pnge  583.) 
Pttcuonem*  TAiiuL*Tt:M,  Hall. 
Fig.     9,  An  enlargement  of  .1  portion,  (showing  the  peculiar   corruga- 
tions of  tlie  cell  titl.c.'^.     x6. 
Lower  Heldcrberg  group.     Xc'ir  Schoharie,  JV.    1". 
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PLATE  XVIII. 
CALLOPORA. 

(Pago  588.) 
Calt.opora  klbgahtdxa,  Hal). 

TigB,  1,  2.  SpecimecH,  natural  size. 

Fi^.     3.  A  fragment  of  a.  apecimen  fractured  so  as  to   sbow  the  eill  I 
tubea.     x6. 

Fig.     4,  An  enlargement  of  the  surface,  showing  the  form  and  urtnge- 
ment  of  the  cell  apertures  and  iuterapertnral   openingi 
Several  of  the  apertures  on  tlie  lower  portion  of  the  figon   ' 
have  opercula. 

Fig;     c.  An  enlargement  of  one  of  the  apertures,  ohowtni;  the  oper- 
culum.    1 100. 

Figs.  6, 7.  These  sections    stiow  the    tabulaleil    cell   tubes    uid   tbe 
tabulated  meaopores.     slS. 

■       Niagara  group.     Lockport,  N".  Y. 
CALLOTRYPA. 
(Page  GSl.) 
Callotbtfa   uHiBPiHA,  HalLJ 
Pig.     8,  A  specimen,  natural  bikc. 
Fig.     'i.    All  bjilaryeiut'ijt  sliuwiiig   the   form  anil  arrangement  of  the 
wll   aptTtiires  and  inlei'apertural  ])ile,  and  the  prominent 
iioda  at  [lie  base  of  each  apyrture,     xlS. 
Fig.   10.  An  enlargement  of  one  uf  Uif  cell   apertures    and  its  accom- 
panying iiodt.     \&4. 
Fig.   11,   A  thin  venit'al  section,  allowing  the  iniernal  atructure.     xI8. 
Lower  Ik'l.kTbcrg  grou]..     Xtw  York. 


Figs.  12,  13.  Groups  of   Bryozo.i, 

Fig,  14.   A  portion  of  a  brauch.     \ 
Lower  Ilehk^rberg  group. 


tOPOBA,  Hall. 
,.,ng   whicli   ar 


eeverai    of    this 
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PLATE  XIX. 

TREMATOPORA. 
(Page  591.) 
Tbjbmatopoka  tuberculosa.  Hall. 
FigH.  1,  2,  3.  Fragments  of  ifam  species,  nattira]  size. 
Fig.    4.  A  portion  ot  a.  branch  sliowing  tbe  fonn   aod  airangmnt 
of  tbe  cell  apertures,  and  the  monticulea  destitate  of  Ol!! 
spertureB.     x\8. 
Fig.    6.  An  enlargement  of  a  tliia  eectioa  tiliowiDg  tbe  cell  tabM  ul 

»the  tabulated  mesopores.     xl8. 
Niagara  group,     Lockport,  N.  Y. 
TREMATELLA. 
(Page  560.) 
Tbbmatblla  abkdlat«,  Hall, 
FigB.  6,  7.  Specimens,  natural  size. 
Fig.    8.  A  portion  of  a  branch.     x8. 
Fig.    9.  An  enlargement  of    a  thin    section    showing    the   ialenial 

k  structure. 

Upper  Helderberg  group.    Falte  of  the  Ohto, 
RHOMBOPORA, 
(Page  550.) 
RhOUEOPOBI.   SKQD  LABIS,  Hall. 
?lg.  10,  A  gronp  of  speciraenp,  natural  sine. 
Fig.    11.  A  i>onion  of  a  brancli.     xl8. 

Up!)LT  Il.-Muiberg  group.     FalU  of  the  Ohio. 

RnOM110rOK.\     TBA,NSVKK3*,    Hall. 

Fig.   12.  A  portion  of  a  branch  of  tbis  species.     ^6. 

Fig.    13,  All    enlargement   of    a    tbiii     section    showing    the    internal 
striictnrf.     x(i. 
IlaniiltoTi  group.     Ilamburrjh,  X.    Y. 

STKElJLOTUVrA. 

(Page  551.) 
SrKKiii.oTHTrA  IIamiitonknsf,  Hall. 
Fig.   14.  An  enlarge nioii I    siiowirig   llie    regul.ir  .arrangement    of    the 
cell    apertures,    the    inlerajieilura!    pits    and     tbe     sinnous 
ridges.     xfJ, 
Fig,   15.  An  enlargement    from    a    specimen    having    unueually  large 
cull    apertures,    and    without    the    prominent    longiiudiual 
ridge.. 
Haniillon  group.      West  WilUwns,  Ontario. 
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PLATE  XX. 

PALE8CHARA. 

Palebchaha  incbubtass,  Ball. 

Fig.    1.  A  zoarium  iocrustitig  Streptelaama  striclnm,  cataral  size. 

Fig.    2,  An    enlargement  from   the    preceding,     showing     form  ind 

arrangement  of  the  ceUs.     i8. 

■  Lower  Helderberg  group.     Near  Clarksviile,  N.    Y. 

Palibcuaba  saciata,  Hall. 
ITig.    8.  An  enlargement,  showing  the  form  and  arraDgement  of  tbf 
cells.     z6. 
Lower  Helderberg  group.     Near  ClarkeviUe,  JK   Y". 

SAGENELLA. 

(Page  B97.) 

SlGBNELLA     ELEOAH^,    Hall. 

Fig.    4.  An  enlargement,  showing  the  form  of  the  cellfl.      x6. 

■         Niagara  group. 
CERAMOPORA. 
(Page  G68.) 
CKBAMOPOBA   UACtJLATA,   HftlL 

Figs.  5,  6,  7.  The  Qoder  side  of  three  specimens,  aatoral  nze, 

Fis,'.     8.  Tlie  upper  wiirfai^p  of  a  Rppoimeii,  natural  size. 
Fig.     9.  An  (.■nlaigumuiu  fruiii  the  prt'cudiiig  figiirt',  showing  the  form 
and  arrange r;ioiit  uf  llio  cell  apertures.     stJ. 


Fig.  10.  All 


Near  (Jlarksville,  JV,    Y, 


,  Hall. 


Fig.  11.  A  fmgiiient  of  a  Pknkktem.a,  upon  wbitli  are  two  e 
colonies  of  this  BpycioH,     x6. 


Ckhamopor.i.  rARviL'Ki.LA,  Hall. 

Fig,  12.    A  /oarium  intrusting  a  Mbkisteii.a,  natural  size. 

Fig.  13,  An  enlargement  from  the  surface  of  the  preceding,  ehowitii; 

tlic  form  and  arrangement  of  the  cell  apertures. 

Lower  Helderberg  group.     Near  CUirksville,  N.    Y. 
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CKRAMOPORA. 

(Page  568.) 
CeRAMOPORA  CONFLUENSy  Hall. 

Fig.  14.  A  zoariam  entirely  incruBtiDg  a  speoimen  of  PkUyostoma 

niagarensey  natural  size. 
Fig.  15.  An  enlargement,  showing  the  character  of  the  cells  and  the 

monticules.    x6. 
Niagara  group.     WcUdroriy  Indiana. 

BOTRYLLOPORA. 

(Page  592.) 

BOTBTLLOPORA  SOOIAUS,   NicholsOU. 

Fig.  16.  An  enlargement  of  a  portion  of  a  colony  of  this  species.    z6. 
Fig.  17.  An  enlargement  of  a  thin  section  showing  the  cell  tubes  and 
the  intercellular  vesicle.     x6. 
Hamilton  group.    Nisw  York. 

659 


I 

^^1                 PLATE                             ^^^^^^H 

1 

^^f                                    ^^^H 

^^^F 

(Page                                                  ^^^H 

^^B 

CuiLOTBYF^   OBTIOLATA,    HalL                               ^^^^^H 

^BfiK' 

]. 

.  Fragmciite  of  zoaria,  natural  sue.                                    li^^^l 

1 

3. 

An  enlargement  of  n  thin  section  showing  the  mt^^SST 

the  ceil  tuhe§  and  the  intercellular  vefliclea.      x9, 
Niagara  group.     Zock}>ort,  JV;  T. 

CfELOCAULIS.                                             J 
(Pagfl  5S4.)                                                      J 

C<BLOCAULIS    VEKUSTA,    Hall.                               ^^^^H 

Fig. 

8. 

A  fragment,  natural  size.                                                     ^^^^^H 

Fig. 

4. 

Ad  enlargement  of  the  preceding.     xS.                             <^^^H 

^^Fig. 

C. 

An  enlargement  of  a  specimen  fractured  bo  as  to  abow  tfct 

cells,  the  intercellular  veBiclea  and  the  epitheca.      x9. 
Lower  Helderberg  group.     JVeor  Clark$vUk,  Jf.    Yl 

fiStuliporina.                            ■ 

(Page  698.)                                                         1 
FlSTUUPOaiNA  HICSDPOBA,  Hall.                                          1 

^Bng. 

fl. 

An    enlargement    showing   the    manner   of    growth    of    tfc** 

frond,  the  form  and  arrangement  of  the  cell  apertures  and 
niesopoi'es, 
Hamilton  group.     J-Jrie  comity,  A'    )' 
Figs.   7-10.  Enlargements  showing  the  internal  Mructure   of  the  fol- 
lowing .'Hpeuies: 
Fig.  9.  K  sUUatii ;  Fig.  10.  F.  variojiora. 

FlSTULll'OKINA    DIlilTATA,    Hall. 

Fig.   11.   An    ci;l.irg(.-ment   of   a    frond    incrusUng   a    Cyaihophylloid 
cor.il,  showing  the   manner  of  growth   and   the    form  and 
arrangement  of  the  cell  apeilurec  .and  nu'sopores.      x6. 
Hamilton  group.      Weft  JTniiilnir'j/t,  X.   Y. 

FlRTCLirORlNA    MULTICULBiTA,    Hall. 

Fig.   12.  All  enlargement  »howiiig  the   fi.mn  and    disposition    of    the 
cell  aiiertiires  and   the  numerous  nodes  on  the  peristomes 
and  walls  of  mesopores.     xl8. 
Haniiltuu  grouj),     Diirien  Center,  X.   Y, 
G6U 
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iQnnnmHfiilffii 


O.BSImDSon.  del 


,^o-n«£^\=l'Jtv3.'^«*'^^'^ 


FiSTITLIPOSINA    OONFSBTIPOSAy  HalL 

Fig.  18.  An  enlargement  showing  the    ciroular   cell  apertures  and 
nodose  periatomes. 
Lower  Helderberg  group.    Near  Clarksville,  N.  Y. 

FiSTULIPOBINA     PONDBBOSA,   UalL 

Fig.  14.  An  enlargement,   showing  the  ciroular  cell  apertures,  the 
mesopores  and  the  prominent,  conieal,  interapertural  nodes. 
zl8. 
Lower  Helderberg  group.     Near  Clarksvilley  N  Y. 

FlSTULIPOBINA  SBBBULATA,   Hall. 

Fig.  16.  An  enlargement,  showing  the  cell  apertures  and  mesopores, 
the  serrulated  peristomes  and  the  characters  of  the  operoula. 
Hamilton  group.     West  Btoomfleld^  N.  Y, 
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Fig. 


FISTULIPORIDRA. 

(Page  008.) 

F18TDIJPORIDSA.    TKBBKI.ATA,   Hall. 

1.  An  enlargement,  showing  the  circular  cell  apertures  and  the 

polygonal  vestibular  areas.     xl8. 
9.  An  enlargement  of  a  transveree  section,  ahowing  tiie  iaternil 

Blruoture,  the  same  as  in  FisTuuroRiKA. 
3.  An  enlargement  of  a  vertical  section,  showing  tlie  cell  tabea 

and  the  intercellular  structure.     16. 
Hamilton  group,      Wesiem  New  York. 


FISTULICKLLA. 

(Pft)(e  606.) 
F13TDI.ICKLLA   FLASA,  Hall. 
Fig.     4.  An  enlargement  of  the  surface.     xlS. 

FISTULIPORELLA, 
(PagBfiW.) 

FlSTITLTPOKKLLA    CONSTBICTA,   Hall. 

Fig.  6.  An  enlarj-oiucnl  of  Uie  nurface  wliowing  the  denticulated 
c'oll  apfrturon,  tlio  ititi'ra]HTtural  porta  and  the  vestibular 
polygonal  areas.     xl8. 

Fig.     I}.  Ad  enlargfnu'iit  of  a  traiivcrric  wection.     il?. 

Fig.     7.  An  enlargemetil  of  a  vertit-al  nwtion,  showing  the  cell   tubes 
niid  the  intoroellul.ir  utructuri.'.     ^(t. 
Hamilton  group.      lt'c«(j7-«  New   York. 


IJCIIKNALIA. 

(I'Hfe'O  559.) 
The  following  figures  aro  given   to  show  the  character  of    the   cell 

FigB.    B,  9    Lic/iendHu  coUicuhiUi. 
Fig.   10.    r.icheii'diii  i'lleninjiera. 

Harnillon  grouj..     Xeic  York. 
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1  stciu  o«oiotut,ia«4. 


■.™.  ■ajii.\«VT-.t*J 


I    i 


FISTULIPORA. 

(Page  659.) 

The  following  figures  are  given  to  show  the  character  of  the  cell 
apertures : 

Fig.  11.  Jflstulipora  triloba.  *  ^ 

Lower  Helderberg  group.    Nisw  York. 
Fig.  12.  Fiatidipora  puatulosa. 
Fig.  13.  MsCulipora  operculata. 

Hamilton  group.    New  York, 
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PLATE  XXIII. 
LICHENALIA. 

(Page  559.) 

LiCQENALlA   SDBBTKLLATA,    Hall. 

1,  A  frond,  natural  size. 

Upper  Helderberg  group.     J^IU  of  the  Ohio. 


^r  LiCHSSALlA   OVATA,   Hall. 

Fig.     2.  A  frond,  natural  size. 

Upper  Helderberg  group.     Falls  of  the  Ohio. 


LiCBBNALU    TKBICCIATA,    Hall. 

Fig.     3.  A  frond  incruBting  a  Cyatliophylloid^coral,  natural  sin 
Hamiltou  group.      Western  New  York. 


LtCBBNALIA   BUBTBIOONA,   HalL 

Fig.     4,  Ad  enlargement  of  a  vertical  section,  showing  the  internal 
structure  of  the  family  Fistulipobid^.     xC. 
Hamilton  group,      Wf.st  WiUtama,  Ontario. 

LlCHSKAUA   LDNATi,    HalL 

Fig,     5.  An    ciilaTgcment    of    lliu    siirfiire,    showing    tlie    form    and 

arrangfdient  of  ihe  deiniciiUUil  fell  a]iertiire8  and  monti- 

culfH.     xO, 
Fig.     0,  A  spi'ciinen  frai^turcd  »o  an  to  show  llie  internal  structure. 

The  pseiKlo-Be]>ta  and  t.il)iil;i'  of  the  cell  lubes  showing  very 

plainly,     xti. 
Upper  Ileiat-rberg  group.     J-\dU  of  the  OIno. 


UCIIHNOTIJYI'A. 

dX"'  ■'■''■■.' 

Lichenotryfa  longiki'ika,  Ilall. 
7.  An  t'nlarjTC'iuL'ut,  showitii;  ihi'  Conu  ami  .irrangemeut  of  the 
LTturos,  thf  intiTajiLTiiiral  cli'vations; and  the  spine!) 


I  the 


U]>j>er  Hfl.k-i-l>LTs  group.     FulU  if  the  Ohk 
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StaU  Gaol(icl9t.ia64. 


ick»«»'a\iio^-*^'v-i^«*«»<^ 
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PILEOTRTPA. 

(Page  562.) 

PiLEOTBTPA    CUVULATA,    Hall. 

Fig.     8.  An  enlargement  of  a  vertical  section,  showing  the  obliqae  cell 
tubes  and  intercellular  vesicles. 
Upper  Helderberg  group.    FaUsoftJie  Ohio. 

PiLBOTBYPA    PTBIFOBM1S,   Hall. 

Fig.     9.  An  enlargement  of  the  surface.     x6. 

Fig.  10.  A  still  further  enlargement,  showing  more  distinctly  the 

character  of  the  cell  apertures.     xl8. 
Fig.  11.  An  oblique  view  of  a  portion  of  the  surface.     x6. 
Upper  Helderberg  group.    FaUs  of  the  Ohio, 

PiLBOTBYPA   DBNTICULATA,    Hall. 

Fig.  12.  An    enlargement    of   the    surface,   showing   the   form  and 
arrangement  of  the  cell  apertures  and  the  maculae  of  larger 
cells.     x6. 
Upper  Helderberg  group.     Falls  of  the  Ohio, 

PiLBOTBYPA   OBANIFBBA,   Hall. 

Fig.  13.  An  enlargement  of  the  surface.     xl8. 

Upper  Helderberg  group.     FaUa  of  the  Ohio, 

PiLBOTBYPA   BI8TBIATA,    Hall. 

Fig.  14.  An    enlargement    of    the    surface,   showing  the  form  and 
arrangement  of  the  cell  apertures,  and  one  of  the  macule. 
x6. 
Upper  Helderberg  group.     Falls  of  the  Ohio, 

PiLBOTBYPA   GBOMBTBICA,    HalL 

Fig.  15.  An  enlargement,  showing  the  form  and  arrangement  of  the 

cell  apertures  and  one  of  the  maculae.     x6. 

Upper  Helderberg  group.     Falls  of  the  Ohio, 
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^^^H                         PLATE  XXIV.  ■ 

^^^V                          ODONTOTBYPA.  I 

<Page  SSI.)  m 

Odontotstpa  alteata.  Hall.  H 

Fig.     1.  A  frond,  oatural  size,  iDcmstiog  a  Fenxstbu^.  1 

Fig.     2.  An  enl  irgement  of  a  portion  of  the  sarfaoe,    ahowing  il»  I 

form  and  arrangement  of  the  cell  apertures  snd  one  of  tbi   I 

maciilie.     z6.  I 

Fig.     8.  A  §lill  further  eolarffement.     xl8.  j 

Upper  Relderberg  group.     FailtoflKe  Ohio.  I 

PSEI.KNOPORA. 
(Page  BB7.) 
SsLKHoroKA  ciBcmcTA,  Hall. 
Fig.     4.  A  frond  incrusting  a  FKNBsrELi.A,  natural  size. 
Fig.    6.  An    enlargement    of    the    surface,  BhowiDg    the    form  and 
arraDgement  of  the  cell  apertures  and  one  of  the  BUOnla; 
x6. 
Fig.     6.  A  still   further  entargement,  showing  mora    distinctly  tlie 
denticulated  cell  apertures  and   the  interapertaral   eUra- 
tiona.     xlB. 
V\.\».'r  \h-\.\'-r\:-Tii,  giimp,       F.ah  of  if.e   Ohin. 


.  An  enlargement  of  tlie 
Upper  Ileldorberg  groii' 


OMI'LB'CATA,   Hall, 
surface. 
|.,     Falhoftht  Ohic 


GLOSSf)TRYPA. 

I  Pago  563.) 
fii.nftsOTBYi'A   PAi.iE^osMis,   Hall. 

Fig,     9.  Tlie  Hame.     .\G. 

Fig.   10.  Sfction  showiTig  cell  mlies  and  thickness  of  zoariu 
Up|>er  Ili'ldcrberg  groU]>.     Falls  of  the  Ohio. 
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PHRACTOPORA.. 

(Page  589.) 
PhBACTOPOBA.  CBI8TATA,  HalL 

Fig.  11.  Zoarium,  nataral  size. 

Fig.  12.  A  portion  of  the  surface.    x6. 

Fig.  13.  Vertical  section.    x6. 

Upper  Helderberg  group.    Falls  of  the  Ohio. 

Phbactoposa  linsata,  Hall. 

Fig.  14.  Surface  x6. 

Hamilton  group.     York^  iV.  Y. 

FAVICELLA. 

(Page  656.) 
Fayicblla  inclusa,  HalL 

Fig.  16.  A  portion  of  the  surface.     x6. 

Fig.  16.  A  still  further  enlargement,  showing  more  distinctly  the  sur- 
face characters.     xl8. 
Fig.  17.  A  vertical  section,  showing  internal  structure.     x6. 
Hamilton  group.     York,  N^  Y,  , 
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^^H               PLATE 

» 

■! 

^^^m                              (Page  898.) 

Hernodia  HDMuroBA,  HaU. 

Fig. 

Fig. 

1.  A  colony  incrusling  Oomphoceraa  ahruptum,  natural  itM. 
a.  An  enlargement  from  the  preceding,  allowing  more  diatiortlj 
the  form  of  the  cells  and  their  mode  of  growth.     x». 
Hamilton  group.     Cazenooia,  K.  Y. 

CTSTOPORA. 
;(Page  598.) 

CySTOPOBA    GKHIC[71.ATA,    Hsll. 

Fig. 

Fig. 

Fig. 

3.  A  fragment,  natural  size. 

4.  An  enlargement,  ehowing  the  ampulUform  c«ll   lubea  and  tba 

constricted  apertures.     i6. 

features  illustrated  in  fig.  4.    sie.                                             _ 
Upper  Helderberg  group.     Manlius,  N.  Y.                           ^H 

^^H                           (Page                               ^^^^^^^1 
^^^^^^           Clonopora  incdhva.  Hall.       ^^^^^^^^^^^^B 

(I.   All  enl.irgeinfiit,  sliowing  tiie  form  ami  arrangemeut  of  tbc 
eell  tuWrt.     ,\6. 
Ul>|.er  IIul.kTl.erg  grou]..     Mi»/h'^,  A'.   3: 

Cl.ON0PnRA    fiEMiHEL.LIfTUS,   Hall. 

7.  An  iTiiargomentj  slmwiriglhe  form  of  tliu  cell  tubes  aud  their 
mode  of  growth,     xti. 
Up|.er  lUO.lorbL-rg  group.     Fulls  of  the  Ohio. 

KEl'TAKIA. 

Rei'Taufa  BTULo.MraiiA,  RoHe. 
f*.  Colotiit's  iru-nistiujr  Orlhoccnis  rwislrktum,  natural   size. 
;>.   An  iTiliirjiL'Tiit'Lil,  showiui,'  more   distinctly  the   form   of    Lbe 
c;clU  and  their  mode  of  growLli.     xO. 
Hamilton  group.      Cazenovin,  X.   Y. 
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HBDBRBLLA. 

(Page  699.) 

HeDSBELLI.   CIBBHOBAy   HeU. 

Fig.  10.  A  oolony,  natural  size. 
Fig.  11.  A  portion  of  the  preceding.     z6. 
Hamilton  group.     York^  N.  Y. 

HSDBBBLLA    CANADBNSIS,   BillingB. 

Fig.  12.  An  enlargement  of  a  colony,  showing  an  unusually  compact 

growth.     z6. 
Fig.  13.  An  enlargement  showing  more  distinctly  the  form  of  the  eel 

apertures.    zl2. 
Hamilton  group.     Ifew  York. 
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